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vine of the various aims of the s tudies on the 
t r anspor t p-'ocesees occuring across a r t i f i c i a l membranes 
has heen t') throw l ig ' i t on the physicochemical aspects of 
the diffusion processes taking place across l i v i n g mem-
br^ries. hartun>-:, Beg and others studied the diffusion of 
Various e l e c t r o l y t e s gcross some f i l t e r paper and mem-
branes. Lately, 3e.s et a l . s tudied t ranspor t across g-las." 
povrler irxixsd soap d i s c s . The work described in t h i s thes ip 
i s i n effect an extension of these s tudies using parchmenr, 
support-id copoer capry la te , copper capra te , copper laurat'-'^ 
and copuer myr is ta te membranes. The f i r s t chapter deals 
wJth membrane concentrat ion p o t e n t i a l across the four mem-
branes in so lu t ion of CuSO. and NaCl of varying concentra-
t ions ( k^^ecirig C./Cp = 10 throughout) measured witn the 
following c e l l , asing the same e l e c t r o l y t e on the two t>id->s 









The concentrat ion p o t e n t i a l of copper caprylate in 
copper sulphate and ."Ikali chloride so lu t ions were much 
below the t h e o r e t i c a l va lues . The membrane concentration 
poxentip.1 va-lu-'-r across the membranes (myr i s t a t e , l au r a t e , 
capra te , caprylate) i n e i t h e r e l e c t r o l y t e (NaCl or CuSO.) 
increase with t he length of the hydrocarbon chain of the 
f a t t y acids and the magnitude of the copper myris ta te mem-
brane p o t e n t i a l i s qui te close to the t h e o r e t i c a l value. 
Then the effect of anion and cation v a r i a t i o n , 
v a r i a t i o n of the e l e c t r o l y t e on concentrat ion p o t e n t i a l 
of most i dea l soap membrane ( i . e . , copper mjrristate) i s 
examined. And t h i s shows tha t the membrane i s negat ively 
charged. 
Cationic t r anspor t number in the membrane, t ^ , 
membrane permse lec t iv i ty , Pg, and the apparent anionic 
mobi l i ty , v , increase with increase in the concentration 
of ex te rna l e l e c t r o l y t e so lu t i ons . This has been explained 
on the basis of Donnan e q u i l i b r i a according to which more 
and more of the cat ions enter the membrane pores (and thus 
the membrane s e l e c t i v i t y f a l l s ) as the ex te rna l e l ec t ro ly t e 
so lu t ions become increas ingly concentrated. 
Membrane p o t e n t i a l s for the various e l e c t r o l y t e s 
obtained with copper myris ta te membrane observe the follow-
ing orders 
RbCl > KCl— NH^C1> NaCl > LiCl 
KT > KBr > KNO, > KC 
Cationic s e r i e s have been explained on the basis 
of free so lu t ion mob i l i t i e s and hydrated s izes of the 
ca t ions . Anionic s e r i e s are exact ly reversed to those 
for diffusion r a t e s thus showing tha t the anion which i s 
impeded maximum in i t s way through the membrane gives r i s e 
to maxim-urn membrane p o t e n t i a l . These anionic s e r i e s have 
been discussed in terms of mobi l i ty , valency, s ize and 
adsorbab i l i ty of the anions. 
Fixed charge dens i ty , 6^Z, of the four membranes was 
determined by Altug and Hair method. TheCOx for copper 
myr is ta te membrane was -0.01N. In case of copper capryla te , 
copper caprate and copper l aura te the agreement between the 
experimental and the t h e o r e t i c a l curves was very poor and 
the X values could not be obtained. 
The membrane p o t e n t i a l s tud ies ind ica te t ha t the 
behaviour of parchment supported soap membranes can in 
genera l , be explained on the bas is of TMS theory. 
CJhapter I I deals with the study of diffusion r a t e 
of NaCl e l e c t r o l y t e through four parchment supported soap 
membranes. Various membrane parameters , namely, membrane 
p o t e n t i a l , E , ca t ion ic p o t e n t i a l , B + and membrane r e s i s -
t ance , S e t c . at d i f ferent concentrat ions of NaCl have 
been determined by e lec t romet r i c method. The diffusion 
rates and other membrane diffusion parameters are computed 
by Kittelberger equation. 
The variation of B , R and D^ with time during 
diffusion at various temperatures have been studied for 
all the four membranes. It has also been observed that 
whereas membrane potential and membrane resistance fall 
with time, diffusion rate increases. The observations 
have been explained in the following way: Membrane poten-
tial (generated due to the difference in the counterion 
and colon mobilities in the membrane) causes an increase 
in the colon mobility inside the membrane (and thus an 
increase in the diffusion rate of electrolyte). The 
increase in colon mobility results in the diminishing of 
membrane potential, which in turn leads the diffusion rate 
and the membrane resistance to steady values. 
Diffusion coefficient of NaCl through the four 
membranes was determined at different temperatures and 
therefrom the energy of activation B for the diffusion 
of electrolyte was calculated for all the membranes. It 
was found that the values of E„ for diffusion through the 
9. 
membranes were higher than those found for diffusion in 
free solution. 
The various activation parameters, namely, enthalpy 
A 4 
of ac t iva t ion A H^, free energy of ac t iva t ion A p^, and 
entropy of ac t i va t ion ^S^ were also evaluated. The values 
of ^S~ were found to be pos i t ive ind ica t ing thereby that 
the diffusion takes place with p a r t i a l breakage of bond in 
the membrane phase. 
The t h i r d chapter dea ls with potent iometr ic t i t r a t i o n 
using parchment supported copper myris ta te membrane e l ec -
t rode . T i t r a t ion of s t rong acid and strong base, s trong 
acid and weak base and weak acid s t rong base have been 
successful ly done using copper myris ta te membrane. The 
n e u t r a l i z a t i o n t i t r a t i o n curves of strong acid against 
s trong base were a l l of the same general charac te r , and 
the point of i n f l e c t i o n of each curve was sharp. The 
other t i t r a t i o n s curves though did not have sharp i n f l e c -
t i o n t h e i r de r iva t ive p lo t s were s a t i s f a c t o r y . The regu-
l a r decrease in the membrane p o t e n t i a l upto the point of 
n e u t r a l i z a t i o n i s due to the fact that membrane po t en t i a l 
for the s a l t which i s formed as a consequence of neut ra -
l i z a t i o n of the acid i s smaller than tha t of the acid i t s e l f 
and the decrease in the membrane p o t e n t i a l with the addi-
t i on of base which continues even beyond the end point , 
because the membrane loses i t s s e l e c t i v i t y more and more 
as the e l e c t r o l y t e concentrat ion r i s e s with fur ther addi-
t i on of the base. The parchment supported copper myristate 
^ i 
membraxie can thus be successful ly employed for neu t ra l i za -
t i on t i t r a t i o n of s t rong acid, s t rong base, s t rong acid, 
weak base and weak acid, s t rong base. 
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G E N E R A L I N T R O D U C T I O N 
Transport processes occurring across artificial 
membranes have attracted much attention in recent years. 
Chemists and Chemical engineers use this knowledge to 
fabricate membranes of desired properties. Biologists, 
however, use them as simple models in the study of 
transport through living cells. There are several areas 
of membrane research which seem to have potentially far-
reaching consequences to medicine and chemical industry. 
The books on membrane technology and applications 
are too many to mention. The principle vol\imes contain-
ing significant sections on or totally devoted to membrane 
electrochemistry are by Clarke and Nachmonsohn (1), 
Helfferich (2), Spiegler (3,4), Merten (5), Marinsky (6), 
Stein (7), Cole (8), Lakshminarayanaiah (9-11), Hope (12), 
Arndt and Roper (13), Plonsey (14), Kotyk and Janacek 
(15) and others. Continuing series are edited by Bittor 
(16), Eisenman (17), Danielli, Rosenberg and Cadenhead 
(18). Electrochemistry of activity sensing membrane 
electrodes are amply described in books edited by Eisenman 
(19) and Burst (20). This field has produced such a 
variety of new measuring devices and has given rise to 
so many new analyses and new detection systems that it 
is very likely that additional volumes will soon appear. 
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A precise and complete definition of the word 
"membrane" is difficult to malce (21), and any complete 
definition given to cover all the facets of membrane 
behaviour will always be incomplete. 
According to Sollner (22,25), a membrane is a phase 
or structure interposed between two phases or compartments 
which obstructs or completely prevents gross mass movement 
between the latter but permits passage, with various 
degrees of restriction, of one or several species from 
the one to the other or between the two adjacent phases 
or compartments, and which thereby acting as a physico-
chemical machine transforms with various degrees of effi-
ciency according to its nature and composition of the two 
adjacent phases or compartments. In simple words it is 
described as a phase, usually heterogeneous, acting as 
a barrier to the flow of molecular and/or ionic species 
present in the liquids and/or vapours contacting the two 
surfaces (9). The term heterogeneous has been used here 
to indicate the internal physical structure and external 
physiochemical performance (21,23-25). From this point 
of view, membranes in general are to be considered hetero-
geneous, despite the fact that, conventionally membranes 
prepared from coherent gels have been called homogeneous, 
(26). 
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The notion of homogeneous versus heterogeneous 
membranes proves to be an important distinction from the 
point of view of mass transport. In the dilute solution 
limit, the friction coefficients for mass transport by 
diffusion are interconvertible by Onsager reciprocal 
relations, and both can be related to jump distances and 
frequencies according to random walk models. As long as 
there is no preferred region of low friction in the mem-
brane, it is isotropic on a molecular level and is consi-
dered to be homogeneous. Uniformity of mesh on a molecular 
scale is another view of homogeneity. Channel free solid 
or liquid membranes are usually homogeneous, and two phase 
membranes such as solid crystallites imbedded in a non-
ionic resin are clearly heterogeneous. 
Membranes may be solid, liquid or gas (27). The 
outer phases are usually liquid or solid. Membranes are 
usually thin in one dimension relative to the other two 
dimensions. This property is only functional or opera-
tional. In order to achieve a measurable chemical change 
or electrochemical effect and to make chemical or electro-
chemical measurements on a membrane system in a reasonable 
time, some transport related property must be susceptible 
to temporal change. Thus, a change in potential, flux or 
concentration (among many varying and measurable quantities) 
5 
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requires membrane thicknesses "d" such that d /2D is 
comparable with the observation time (D is a mean diffu-
sion coefficient). 
Although irregularly shaped membranes are conciev-
able, most theories and experiments are restricted to 
systems with one dimensional or spherical symmetry such 
that transport occurs in one dimension. 
Membranes are considered to be porous or nonporous 
depending upon the extent of solvent penetration (28). At 
the nonporous extreme are the membranes which are nonionic 
and contain negligible transportable species at equili-
brium. Ceramics, quartz, anthracene crystals are the 
examples of solid membranes. At the other extreme are 
porous membranes which can be solvated and will contain 
components from the outer phases. Among these are non-
ionic films such as cellophane, inorganic gels, and 
loosely compressed powders in contact with aqueous solu-
tions. These materials absorb solvent from the surround-
ing media and may also extract other neutral molecules and 
ionic Salts. More widely studied are the membranes of 
polyelectrolytes, water immiscible organic liquid electro-
lytes (2,9,11,29), various parchment supported inorganic 
precipitates (30-44), solid ion conducting electrolytes 
including silver halides, rare earth fluorides, and alkali 
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silicate and alumino-silicate glasses (19,20,45>46). All 
these materials contain ionic or ionizable groups within 
the membranes which are capable of transport under diffu-
sive or electric field forces. In addition, these 
materials possess the property of porosity. Polyelectro-
lytes tend to swell rapidly by osmotic pressure driven 
uptake of solvent, liquid ion exchangers are surprisingly 
slow to take up water, while the inorganic salts have no 
tendency to hydrate. Glass membranes are complicated by 
simultaneous hydrolysis of the polyelectrolyte during 
uptake of water (47-49). 
Depending on the dielectric constant and solvent 
penetration in porous membranes sites are potentially, 
partially or even completely ionized (2,50-52), If ionic 
groups are fixed in a membrane as -SOZ and -COO" attached 
to cation exchanged resins, the membrane is considered to 
possess fixed sites, even if protons or metal ions are 
covalently bonded to the sites. In glasses, the fixed 
sites are -SiO and -AK) groups, while in anion exchange 
resin membranes these are -N"^ . On the other hand liquid 
ion exchangers which are water immiscible such as diesters 
of phosphoric acid, can be viewed as mobile site membranes. 
The acid is trapped in the organic phase, while the protons 
and/or other cations can move in and out of the membrane. 
the phosphonate cannot. Membranes without ionizahle 
groups contain no charge sites. It is important to know 
that cellulose triacetate, which is initially site free, 
soon develops negative sites by hydrolysis and oxidation 
on exposure to aqueous solutions. 
The frequent use of the word "charged" and 
"uncharged" in the membrane literature is although 
unsound electrostatically, it provides an intuitive 
chemical description. For example "charged" membranes 
usually refer to electrolyte membranes, such as solid 
and liquid ion exchangers where the fixed and mobile sites 
are the "charges". Actually, these membranes are quasi-
electroneutral in their bulk when the thickness is large 
compared with the Debye thicknesses at each interface. 
Quasi-electroneutrality means that in any volume element 
large compared with the distance between ions, the sum of 
ionic charges L z.c.. = 0. In the literature, "uncharged" 
membranes are those like cellophane, with no fixed charges. 
This frequently used literature definition provides no 
place for lipid bilayer membranes, which are electrosta-
tically neutral only in the absence of charge carriers 
and in the absence of bathing solutions whose salts 
possess preferential solubility of anion over cation or 
vice versa, but are usually electrostatically charged by 
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an excess of ions of one sign in noirmal operation. Thick 
hydrocarbon membranes and membranes of diphenyl ether (or 
derivatives), phthalate, and sebacate esters are generally 
neutral in the presence of most bathing electrolytes, but 
may be charged electrostatically, depending on thickness 
in the presence of neutral carrier species which preferen-
tially solubilize ions of one sign. 
Membranes may also be broadly classified into 
natural and artificial. Natural membranes possess a 
fundamental unit membrane structure which is a bimolecular 
leaflet of lipid with their polar groups oriented towards 
the two aqueous phases of the cell, and protein is 
supposed to exist close to the polar heads of the leaflet. 
Eisenman et al. (53) have given a classification of these 
membranes based on their structiires. 
The efforts of various workers have been directed 
towards: (A) preparing membranes with good chemical and 
mechanical stability suitable for fundamental transport 
studies and for applications in some industrial operations 
such as the treatment of saline water, (B) building suit-
able models to mimic the properties of natural membranes, 
and (C) preparing composite membranes containing cationic 
and anionic groups in suitable arrangement to demonstrate 
and to study the physicochemical phenomena associated with 
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the rectification of alternating current and other special 
membranes for specific purposes. 
The most commonly used material for casting a mem-
brane for disalination is cellulose acetate although poly-
methacrylic acid (PMA), phenolsulphonic acid (PSA), polys-
tyrene sulphonic acid (PSSA) and cellulose esters have 
proved very useful (54). A number of investigators in 
recent years prepared membranes from cellulose acetate 
under varying conditions and used them to study the mecha-
nism of water flow (3,4,5,55-69). 
Theories on the transport of charged or uncharged 
particles across membranes can be roughly divided accord-
ing to Schlogl (70) into the following groups. 
Group one considers the membrane as a surface of 
discontinuity setting up different resistances to the 
passage of the various molecular or ionic species (71,72). 
The driving forces are the differences of the general 
chemical potential between the two outer media (differences 
of pressure or electrochemical potential are included in 
the general chemical potential). 
Group two considers the membranes as a quasihomo-
geneous intermediate phase of finite thickness in which 
the local gradients of the general chemical potential act 
lO 
as driving forces (50,51,73-78). Convection may also 
contribute to particle transport within the membrane. 
Group three considers the membrane as a series 
of potential energy barrier lying one behind the other, 
thus forming, in contrast to group two, an inhomogeneous 
intermediate (79-81). The driving forces arise from the 
differences between the transition probabilities in 
opposite directions perpendicular to the membrane. 
This grouping attempts to classify the various 
mathematical approaches according to the ideal models on 
which they are based. It is in fact too schematic, as 
many theories occupy intermediate positions. The various 
descriptions supplement each other and depending on the 
system under consideration, oneof the three will prove 
the most suitable. Kirkwood (82) finds a correction 
between groups 1 and 2. His initial flux equation differs 
from that normally used in the treatment of "continuous 
systems" in irreversible thermodynamics. This treatment 
of Kirkwood has been developed and modified by Schlogl. 
On a broad basis it may be said that the theories of group 
1 are based on the ideas of classical thermodynamics or 
quasi-thermodynamics which is restricted to isothermal 
systems. The theories of group 2, apart from being more 
rigorous and realistic allow a better description and 
understanding of t r anspor t phenomena in memlDranes and are 
usefu l in dea l ing with non-isothermal systems. The theo-
r i e s of group 3 provide a general and unif ied view a p p l i -
cable to systems of d i f f e r ing degrees of complexity. Many 
of the theor i e s hased on the Nernst-Plank flux equation 
are placed in the f i r s t group whereas those dea l ing with 
the p r inc ip l e s of i r r e v e r s i b l e thermodynamics and the 
theory of absolute r eac t ion r a t e s are placed in the 2nd 
and 3rd groups r e s p e c t i v e l y . 
The theor ies of the f i r s t group have the advantage 
of being r e l a t i v e l y simple. For ion exchange membranes, 
however, these theo r i e s are often inadequate, because 
these theo r i e s deal chief ly with processes occurr ing with-
in the membrane. 
The most important t heo r i e s of the second group 
are based e i t h e r on quasi-thermodynamics or on thermodyna-
mics of i r r e v e r s i b l e processes . The fundamental difference 
between these two approaches are summarized below. 
Quasi-thermodjmamics i s not in t e res t ed in p a r t i c l e 
f luxes . One might say t h a t the quasi-thermodynamic app-
roach cons is t s i n t ak ing a snapshot of the system and 
ca l cu la t ing the emf from the charges which a r eve r s ib l e 
e l e c t r i c current would produce in the system i f i t were 
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"frozen" in the s t a t e in which, the photographic p ic ture 
was taken. This procedure gives d i r e c t l y the emf of the 
c e l l . No model i s needed. 
The thermodynamics ofirreversible processes (83) in 
cont ras t to quasi-thermodsnaamics, does not requi re pr ior 
knowledge of the concentrat ion p r o f i l e s . The se t of 
equations of thermodynamics of i r reversible processes i n t e r -
r e l a t e s a l l "f luxes" (of spec i e s , e l e c t r i c cu r ren t , heat 
e t c . ) and "driving forces" (g rad ien t s of chemical poten-
t i a l , e l e c t r i c p o t e n t i a l , temperature e t c . ) . Prom measure-
ments of a su f f i c i en t number of phenomenological coef f i -
c i e n t s , a l l f luxes and forces and hence also the emf can 
be ca lcu la t ed , without the ac tua l knowledge of t he p rof i l e s 
and without us ing the concept of " revers ib le energy 
production" on which quasi-thermodynamics i s based. I t 
may be mentioned here tha t the d i s c i p l i n e of i r r e v e r s i b l e 
thermodynamics provides a prec ise mathematical desc r ip t ion 
of the processes of t ranspor t and di f fus ion in membrane 
systems. I t s app l ica t ion to membrane processes i s a 
n a t u r a l development of the bas ic theory of Onsager (84) 
and has been developed by Staverman (72) , Kedom (85) , 
Katchalsky (83) , Caplan (86) , Hears (87) , Spiegler ( 3 , 4 ) , i^  
Rastogi (88) . 
The theory of absolute r eac t ion r a t e has been 
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applied to diffusion processes in membranes by several 
investigators. Zwolinski, Eyring, and Reese (81) consi-
dered the diffusion process as one of the basic phenomena 
for sustaining the growth and development of plants and 
organisms. They presented a detailed kinetic approach to 
diffusion which clarifies much established concepts and 
provide impetus to a fresh approach to the problems in 
the field of biological diffusion. The absolute reaction 
rates theory treatment of diffusion and membrane permea-
bility provides a general unified point of view applicable 
to systems of varying degrees of complexity. It is equally 
adoptable to the treatment of the permeabilities of mem-
branes to electrolytes, or nonelectrolytes under the 
driving forces of a concentration gradient, activity 
gradient, and external and internal potential gradients. 
Laidler and iShuler (80) have also treated the 
kinetics of membrane transport under steady state concen-
tration behavior. Prom transient and steady state 
measurement of current or membrane potential as a function 
of chemical composition, the role of kinetic and equili-
brium parameters can be deduced. A possible approach to 
modeling begins with the assumption of the membrane as a 
linear system to which laws of net work theory may be 
applied. Another begins with the basic electro-diffusion 
ui I 
laws of t r anspor t condi t ions . They employed s imi la r 
p r inc ip l e s and expressed the r a t e constant of the over 
a l l process of surface pene t ra t ion in terms of a number 
of spec i f i c r a t e cons tants . They developed flux equations 
for solvent and solu te spec ia l ly as a function of the 
osmotic and hydros t a t i c pressure across the membrane. 
Recently, Tien and Ting (89) have applied the theory 
of absolute r e a c t i o n r a t e s to diffusion process through 
b i l aye r l i p i d membranes (BLM) and have derived various 
thermodynamic parameters l ike free energy of a c t i va t i on , 
enthalpy of a c t i va t i on and entropy of ac t iva t ion e t c . 
In t h i s t h e s i s s tud ies on t r anspor t p roper t i e s of 
parchment supported heavy metal soaps p r e c i p i t a t e membranes 
when they are used to separate various aqueous e l e c t r o l y t e 
so lu t ions are repor ted . The membrane e l e c t r o l y t e system 
has been considered to contain four chemical spec ies , 
1. counterion, 2. colon, 3. water and 4. the membrane 
matrix which ca r r i e s fixed ionogenic groups and excludes 
the p o s s i b i l i t y of chemical r eac t ion within the membrane. 
The membrane matrix has , t he re fo re , been considered to 
consis t of fixed charge and adjacent polymer segments which 
together cons t i tu t e t he repeated un i t of t he matr ix . I t 
i s therefore poss ib le tha t k ine t i c coupl ing- in te rac t ion of 
membrane matrix w i l l include not only the cont r ibut ion of 
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fixed charge, but also specific polymer effects if it 
exists. This is an important to be described although 
it appears from earlier studies that such effects are 
small (90-93). 
The work described in this thesis can be presented 
under the following heads: 
1. Membrane potential studies 
This portion deals with the measurements of membrane 
potential across parchment supported copper soap membranes 
of different carbon atoms using 1:1 and 2:2 electrolytes 
at different concentrations under isothermal condition. 
The fixed charge density of the membranes has been 
calculated. It has been examined how for a given electro-
lyte the membrane behaviour varies from membrane to mem-
brane and how for a given membrane from electrolyte to 
electrolyte. 
^' PJ-ff^ sloJ^  of electrolyte 
This chapter deals with the evaluation of diffusion 
ratb of sodium chloride electrolyte through parchment 
supported copper caprylate, copper caprate, copper laurate 
and copper myristate soap membranes at different tempera-
tures. Diffusion coefficient and various thermodynamic 
parameters have been calculated in oi^er to understand 
the mechanism of ion diffusion through the membrane. 
3. Acid-base neutral izat ion t i t r a t i o n 
In th is chapter the su i t ab i l i ty of copper myristate 
which i s the most ideally behaved membrane is tested for 
neutral izat ion t i t r a t i o n s . The resu l t s have been presented 
under three headings: 
(1) Titrat ion of strong acid against strong a lkal i ; 
(2) Titrat ion of weak acid against strong a lka l i ; 
(3) Titrat ion of strong acid against weak base. 
IV 
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INTRODUCTION 
Parchment supported soap membranes like the parch-
ment supported inorganic precipitates, develop a potential 
when they are used to separate electrolyte solutions of 
different concentrations (1). This property is attributed 
to the presence of a net charge on the membrane, probably 
due to adsorption of anion or cation. The emf generated 
across the membrane using two solutions of the same 
electrolyte but different in concentration is called the 
membrane concentration potential. 
In most cases this membrane concentration potential 
deviates from the liquid junction potential, that is, the 
potential difference in the absence of the membrane. Bethe 
and Toropoff (2) were the first to recognise that the direc-
tion of this deviation is related to the electrokinetic 
charge on the membrane as determined in the electroosmotic 
experiments. 
Michaelis (3) worked on a large nujnber of collodian 
membranes of different porosities and observed that mem-
brane potential is dependent on the porosity of the mem-
brane. If the membrane pores are too wide, any amount of 
charge on the membrane does little to generate good poten-
tials. But in case of membranes of low porosity the mem-
^7 
brane p o t e n t i a l may reach the thermodynamically poss ible 
maximum value which i s the upper l imi t of membrane poten-
t i a l while the l i qu id junct ion p o t e n t i a l i s the other 
l i m i t . 
I t was pointed out by Michaelis t h a t the flow of 
e l e c t r i c i t y across the membranes i s due to the migrat ion 
of cat ions and anions in a proport ion d i f fe ren t from that 
i n free so lu t ion . For e lec t ronega t ive membranes, the 
ca t ion ic t r anspor t number in membrane phase, t+ , i s greater 
than the ca t ion ic t ranspor t number in free so lu t i on , t^., 
(t+ > t+) and the anionic t r anspor t number in membrane phase 
i s smaller than that in free so lu t ion , i . e . , ( t_ ^ t _ ) , 
whereas for e l e c t r o p o s i t i v e membranes, t^. ^ t+ and t - )> t_ , 
Michaelis gave the following equation for the membrane 
concentrat ion p o t e n t i a l across an e lec t ronegat ive membrane. 
B = (t+ - t_) ^ In a^/a2 (1) 
where a^  and a2 are the mean ion ic a c t i v i t i e s of the two 
so lu t ions on e i t h e r s ide of the membrane and R, T and F 
have t h e i r usua l s ign i f i cance . The sign of E r e f e r s to 
t h a t of d i l u t e so lu t ion . Thus, for a membrane exclusively 
permeable to ca t ions , t+ = 1 and equation (1) reduces t o , 
^ = \ a x = ¥ In a^/ap (2) 
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where E i s the memhrane p o t e n t i a l of an e lec t ronegat ive 
max 
membrane of i d e a l s e l e c t i v i t y . 
Two important fac tors which cont ro l e l e c t r o l y t e 
permeabil i ty through a membrane are charge on the membrane 
and i t s po ros i ty . Parchment paper , except for the presence 
of some s t r ay and end carboxylic group, contains very few 
fixed groups. Deposition of soap gives r i s e to net nega-
t ive charge on membrane surface in d i l u t e so lu t ions of 1:1 
and 2:2 e l e c t r o l y t e s leading to the type of ion ic d i s t r i -
bution associated with e l e c t r i c a l double layer ( 4 ) . 
Regarding to the ionic processes t h a t generate the 
membrane concentrat ion p o t e n t i a l , Michaelis pointed out 
t ha t as in the case of l i qu id junct ion p o t e n t i a l a s ingle 
electromotive process occurs throughout the thickness of 
the membrane. SoUner (5) and Wilbrandt, however, were 
of the opinion tha t membrane p o t e n t i a l s were comprised of 
three components, two phase boundary p o t e n t i a l s at the 
two membrane so lu t ion in t e r f aces and transmembrane diffusion 
p o t e n t i a l . 
The fixed groups present in well character ized ion 
exchange membranes can be e a s i l y estimated by t i t r a t i o n . 
This procedure was used by So l i n e r e t a l . (6) to estimate 
the end groups and s t r a y carboxylic groups present in the 
1^9 
collodisBi material. Lakshminarayanaiah (7) in his studies 
with thin membranes of parlodion used two methods, the 
isotopic and potentiometric to evaluate the fixed charge 
density on the membrane material. The potentiometric 
method is based on the fixed charge theory of membrane 
potential proposed simultaneously by Teorell (8) and Meyer 
and Sievers (9) (the TMS theory). 
According to this theory, membrane potential is 
considered to be composed of two Donnan potentials at the 
two solution interfaces and a diffusion potential arising 
from unequal concentrations of the two membrane phases. 
The following equation derived by these authors for mem-
brane potential applicable to a highly idealized system, 
viz. , 
2.:n.2 -V L „ 2 . - 2 r^ -; r Cp (\j4Cf+X^+X) _ ^C^+X%2U , 
1^  = 5 9 . 2 [ l o g ^ ^ + U l o g ^ ] (3) 
^ (Hc|+i^+x) j4cf+?+xu 
where U = (u-v)/(u+v) and u and v are the mobilities of 
cation and anion, respectively, in the membrane phase and 
X is the charge on the membrane expressed in equivalent/ 
litre imbibed solution. Equation (3) has been frequently 
used for the evaluation of the fixed charge density X of 
a membrane (10). 
The TMS theory does not take into account the acti-
oO o 
vity coefficients and the solvent transfer across the 
membrane. Altug and Hair (11) modified the TMS theory 
by introducing the activity coefficient and a term for 
the solvent transfer across the membrane. The total 
membrane concentration potential is the sxm of two phase 
boundary also known as Donnan potential, denoted byjl^ 
andTTp and diffusion potential within the membrane 
denoted by ^ p-jrf^  , thus, 
E = (Tr^ +Tf2) + ^^2- ^1^ "^^^ 
For 1i1 e l e c t r o l y t e s , the Donnan p o t e n t i a l s 1T« and ITp can 
be expressed a s , 
TT^  = - ^ Inf"^ (5) 
and TT2 = ^ In f^  (6) 
where }f. and y^  ^ ^® '*'^® Donnan distribution ratios at the 
two interfaces. These ratios are given by the equation, 
»rH'-(^)^-(^) (7) 
where a i s the ex te rna l e l e c t r o l y t e concentrat ion and WX 
i s the membrane fixed charge densi ty with i t s proper s ign. 
The di f fus ion p o t e n t i a l ^^- i^ for a uni -univalent 
e l e c t r o l y t e i s given by, 
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a. ( r.u + v/f.) 
, , _ u-v KT 2.11 — -—5 R 1^ !l IVimU-. (8) 
where u and v are the cation and anion mobilities inside 
the membrane. Thus, the total membrane potential is 
given by equation (9). 
F r^  u+v F a2 ( r^ u + v/f2) 
Here three cases arise: 
(a) When the membrane fixed charge density is very much 
higher than external electrolyte concentration^th^ 
equation (9) reduces to equation (2) gives the maxi-
mum potential across an ideal ion selective membrane. 
(b) When a >>ioX/2, equation (7) reduces to equation (1). 
( c) When a S ^^jJZ, a simplification is difficult. / 
Extensive literature exists on the membrane con-
centration potentials across different membrane systems. 
These studies have either been made to characterize 
various membranes or to throw light on the mechanism of 
membrane behaviour. Important contribution, with the 
latter aim, have been made by Marshall (12) using zeolite 
membranes. Came 11 and McGunegle (15) using thin nitro-
cellulose films, Wyllie and Pantode (U) using hetero-
0 ^ 
geneous ion exchanger r e s i n membranes, Reid e t a l . (15) 
us ing d i f fe ren t polyanion and poly ca t ion membranes, and 
a number of other workers besides the pioneering work of 
Michaelis and Sol lner , H i l l s e t a l . (16 ) , Lakshminarayan-
iah and Subrahmanyan (17-19) , De-Korosy, Lorimer e t a l . 
(20) , Wagasawa and Kagawa (21) and Cloose e t a l . (22) 
have subjected various membrane p o t e n t i a l theor ies to 
experimental t e s t . Most r e c e n t l y , Eobatake and co-workers 
(23) and Tasaka e t a l . (24) on the p r inc ip l e s of i r r e v e r -
s i b l e thermodynamics obtained expressions for membrane 
concentra t ion p o t e n t i a l s . 
Membrane concentrat ion p o t e n t i a l s were measured 
across copper ferrocyanide parchment supported membrane 
using the so lu t ions of var ious e l e c t r o l y t e s by Wil l is (25) 
and discussed the ro le of adsorpt ion, ion ic s i z e , veilency 
and ion ic m o b i l i t i e s . Beg e t a l . (26) and o thers extended 
these s tud ies on the la rge n\imbers of parchment supported 
inorganic p r e c i p i t a t e and polystyrene based membranes. 
The s tud ies on the inorganic p r e c i p i t a t e membranes, however, 
lack information regarding membrane fixed charge densi ty 
and the pe rmse lec t iv i ty , which, as described e a r l i e r , one 
of key importance in the understadning of membrane func-
t ion . 
In t h i s chapter , membrane concentrat ion p o t e n t i a l s 
across parchment supported copper soap (caprylate, caprate, 
laurate and myristate) membranes using 1:1 and 2:2 electro-
lytes. The effect of variation of ionic size has also 
been studied. 
Effective fixed charge densities of the membranes 
were calculated using the TMS (27) and Altug and Hair 
methods. Effect of external electrolyte concentration on 
apparent anionic mobility, cationic transference number 
in membrane phase and the permselectivity of all the 
four parchment supported soap membranes have also been 
studied. 
The studies described here confirm that the 
behaviour of copper myristate is almost ideal and it 
functions best among all the membranes. 
EXPERIMENTAL 
^ ^) Prepara t ion of the membrane 
Parchment supported copper capry la t e , copper cap-
r a t e , copper l au ra t e and copper myris ta te soap membranes 
were prepared by the method of i n t e r a c t i o n suggested by 
Malik, Beg and co-workers (28^2.9).To p r e c i p i t a t e these 
substances in the i n t e r s t i c e s of parchment paper, a sa tu -
ra ted so lu t ion of sodium soap ( c a p r y l a t e , capra te , l au ra te 
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or myristate) a"bout 5" deep column was taken in a glass 
cylinder whose one end was open and to the other was tied 
the parchment paper (supplied by M/3 Baird and Tatlock 
London Ltd.) previously Soaked in distilled water for 24 
hours. The glass cylinder was held vertically for 10 
hours in 1^ solution of copper sulphate keeping the parch-
ment paper just dipped in it. After every 10 hours the 
parchment was detached and retied so that each side was 
alternately in contact with used sodium soap (always 
taken in the cylinder) and sulphate solution. This was 
continued for five days. The membrane so obtained had a 
uniform look on both the sides. The unusual procedure 
was adopted because the sodium soap anion does not seem 
to pass through the parchment and copper sulphate after 
passing through the parchment makes the whole sodium 
soap solution turbid and no membrane was deposited. 
(b) Measurement of membrane potential 
The parchment supported copper soap membrane so 
obtained was soaked for 24 hours in the electrolyte before 
fixing in the cell. The membrane was then clamped between 
two well collared glass tubes each having a hole for intro-
ducing the electrolyte solution and the reference electrodes 
The following concentration cell was set up. 
6'0 
Reference 
e l e c t r o d e 
Hg/Hg2Cl2 
S o l u t i o n 
Co 
Membrane S o l u t i o n 
^1 
Reference 
e l e c t r o d e 
Hg/Hg2Cl2 
S a t u r a t e d calomel e l e c t r o d e s were used as r e f e r e n c e 
e l e c t r o d e . The t o t a l p o t e n t i a l d i f f e r e n c e between s a t u -
r a t e d calomel e l e c t r o d e s p laced on e i t h e r s i d e of the 
membrane i s t h e a l g e b r a i c sum of t h e e l e c t r o d e p o t e n t i a l , 
i . e . , c o n c e n t r a t i o n p o t e n t i a l and t h e membrane p o t e n t i a l 
( 3 0 ) . 
A t e n f o l d d i f f e r e n c e i n c o n c e n t r a t i o n of e l e c t r o -
l y t e s o l u t i o n s ( i . e . , G./C2 = 10) was main ta ined and 
measurements were made by a P y e - p r e c i s i o n p o t e n t i o m e t e r 
(Fo. 7568) . 
The membrane p o t e n t i a l i n most cases i n c r e a s e d 
wi th t ime to maximum va lue before s lowly f a l l i n g off . 
The s o l u t i o n of the two s i d e s of the membrane were changed 
a number of t imes t i l l the membrane p o t e n t i a l commenced 
from t h e cons t an t v a l u e . This v a l u e was t aken as the 
membrane p o t e n t i a l va lue fo r t h a t s e t of c o n c e n t r a t i o n s 
of e l e c t r o l y t e . The whole c e l l was immersed i n a water 
t h e r m o s t a t m a i n t a i n i n g at 25°G. The e l e c t r o l y t e s o l u t i o n s 
were prepared from (BDH) AR grade chemicals i n de ion ized 
wa te r . 
•n 
(/)(/> O H 2 [J 
c m m X m s 
-o:»:om-< ^ 
"o < ^ o m l-
















o rn 2» 03 o m ^^  a m 73 > l i l :z 
,^ !^ > r- < 
2 cp z ^ m o 
2 :x3 m X ^ "^ 
"o 5 ^ 2^  2 "^ 
^ II m -H -^ 
:? rj o 35 a 5 5 o > • 5 z H iJ ^ 
r* !— H o -^ 




o ~^  
' Ti o o -r rn 
j?i :o 5 m o 
-^ ^ < 2! cr o 
^ ? rn H 5 X 
> o 2 F J3J ?, 
^ > m O 2 „ 
CO H 5^ ^ ^ ^ 
(0 (/) H m 1 , 
:;o H 9 ! I " " > Z! ^ m 
o m m J > 
2: o e > ^ , 
u :sj -H :^ -^ 1 
r» ? 2 H ^ 
m m r j P m 
5 5 f^ CO ^ 
c/> . rj o cr 
c r! > o > 
T> ^ r- -H i l 
o o "^  "^  § 
^ < H m Z! 
^ m ni o 
o ^ C H X 
rqx> ^CP'd 
en 50 - i^ 
m "^ _ ^ a 
-n 2 "^ rn 
:^ m 2 m H 
CP Z 5 -< 
30 —< ^  HI 









— \ o 
m • ^ o 
O n H ? 
%«• C ? -3»» 
c/> o z^  o H O m 
o '^m m 
a? r; z < 













W H S W 























































s^ H X m T 
o m 
^ z o 




























I I I 
\ 
I I I I 
CI 1=1 crl CI e=| CI c:i 
\ \ V, \ \ -^ ^ 
<I <i <i <l <l <l <I 
II II II li II II II 
— O O O 
01 jjk ro o CD cj> 4^ 
o 
I 
MEMBRANE POTENT iAL Emariv ) 








g H N H B t d »-. 
I I I I I I I 
c l £=1 c:j £=) CI c j CI 
\ \ \ ^ \ ^ \ 
< l < l < l <1 < l < l <1 




— — — — o o o 
(T) ^ ro o 00 (7^  ^ 
3G 
P o t e n t i a l S t u d i e s and Effec t of t h e Length of Hydrocarbon 
Chain of F a t t y Acids on t h e Concen t r a t i on P o t e n t i a l of 
Parchment Supported Copper Soap Membranes. 
Table No. 1 
Observed v a l u e s of membrane p o t e n t i a l a c r o s s copper capry-
l a t e , copper c a p r a t e , copper l a u r a t e and copper m y r i s t a t e 
parchment suppor t ed membranes i n CuSO. s o l u t i o n s of v a r y i n g 
c o n c e n t r a t i o n s . 
Keeping the r a t i o of t h e two e l e c t r o l y t e s same (C^/Cp = 10) 
E l e c t r o l y t e 
c o n c e n t r a t i o n 
C-,/C2 = 10 
Membrane p o t e n t i a l (mV) a c r o s s 
Copper Copper Copper Copper 
























P i g s . (1-4) 
- L o d C, 
Fift.CS) EVALUATION OF FIXED CHARGE DENSITYCX) BY 
MEYER-SIEVER METHOD.SMOOTH CURVES ON THE LEFT 
ARE THEORITICAL CONCENTRATION POTENTIAL FOR CA -
T!ON EXCHANGER MEMBRANE cXrl) . DOTTED CURVE REP-^  
RESENTS THE OBSERVED MEMBRANE POTENTIAL FOR 

















:'xr/ / / 
T7TT 
0 
- L o 
r^ 
I - U / V 
E - u / V 
HE- u / V 
EZ _ iJ / V 
^ _ u / V 
2 1 _ u/ V 














FU.C7) EVALUATION OF FIXED CHARGE DENSITY BY MEYER-
SEVER METHOD.THE SMOOTH CURVES ON THE LEFT ARE 
THE THEORITICAL CONCENTRATION POTENTIAL FOR A CAT!0^ ^ 
EXCHANGER MEMBRANE C^rrl). DOTTED CURVE REPRESENT 
THE OBSERVED MEMBRANE POTENTIAL FOR NaCe ACROSS PA 

























Fid.C8) EVALUATION OF MEMBRANE FIXED CHARGE DENSITY 
CX) BY MEYER-SIEVER METHOD.THE SMOOTH CURVES ON 
THE LEFT ARE THE THEOWTICAL CONCENTRATION POTENTIAL 
FOR A CATION EXCHANGER MEMBRANE CXr l ) . DOTTED CUR-
VE REPRESENTS THE OBSERVED MEMBRANE POTENTIAL FOR 
NaC( ACROSS PARCHMENT SUPPORTED COPPER MYRISTATE 
MEMBRANE. 
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Table No. 2 
Observed values of membrane p o t e n t i a l across parchment 
supported copper capry la te , copper capra te , copper 
l aura te and copper mjrristate membranes in NaCl e lec t ro-
ly t e of varying concentrat ion 
E lec t ro ly te 
concentrat ion 
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Ff^.CS) EVALUATION OF MEMBRANE FIXED CHARGE DENSITY 
CX) BY MEYER-SIEVER METHOD.THE SMOOTH CURVES ON 
THE LEFT ARE THEORITICAL CONCENTRATION POTENTIAL 
FOR CATION SELECTIVE MEMBRANE C X r l ) . DOTTED CUR-
VE REPRESENTS THE OBSERVED MEMBRANE POTENTIAL 
FOR KCe ACROSS PARCHMENT SUPPORTED COPPER MYRIS-
TATE MEMBRANE. 
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Fid.Cll) EVALUATION OF MEMBRANE FIXED CHARGE 
DENSITY BY MEYER-SIEVERS METHOD.THE SMOOTH 
CURVES ON THE LEFT ARE THEORITICAL CONCENTRA-
TION POTENTIAL FOR CATION SELECTIVE MEMBRANE (X = I) 
DOTTED CURVE REPRESENTS THE OBSERVED MEMBRANE 
POTENTIAL FOR KI ACROSS PARCHMENT SUPPORTED COP-
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Effect of Anion Variat ion on Membrane Concentration 
P o t e n t i a l . 
Table No. 5 
Effect of anion variation on membrane concentration 
potential of parchment supported copper myristate mem-




G^/C^ = 10 KCl 
Membrane p o t e n t i a l 
KBr KL mo. 
I x l O ' V l x l o " ^ 24.00 29.50 29.90 28.80 
5x10""^/5xl0"^ 52.45 38.50 43.90 47.60 
1x10"^/1x10~^ 51.75 54.50 55.45 54.70 
5x10"^/5xl0""^ 54.50 56.50 56.50 55.80 
1x10"^/1x10"^ 57.20 57.80 58.00 56.80 
Figs . 9-12. 
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Effect of Cation Variat ion on Membrane Concentration 
P o t e n t i a l 
Table No. 4 
Effect of cat ion v a r i a t i o n on membrane concentrat ion 
p o t e n t i a l of parchment supported copper myr is ta te mem-
brane for LiCl, NaCl, KCl, NH.Cl and RbCl of d i f fe ren t 
concentrat ions 
E lec t ro ly te 
concentrat ion 
C^/C2 = 10 
Membrane p o t e n t i a l B (m7) 
LiCl NaCl KCl NH.CI RbCl 
4 
1x10~Vlx10"^ 14.50 22.65 24.00 24.75 25.80 
5x10"^ /5x10"^ 24.50 31.60 32.45 34.00 36.50 
1x10"^/1x10"-^ 41.50 45.60 51.75 52.50 53.50 
5x10"^/5x10~'^ 51.50 52.35 54.50 55.00 55.00 
I x io ' ^ / l x io" "^ 54.20 56.50 57.20 58.18 58.60 
Figs . 8, 9, 13, 14, 15. 
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Calculated values of total membrane potential by TMS 
theory at different mobility ratio; 
According to the TMS theory, the membrane poten-
tial E (under highly idealized conditions) can be ex-
pressed as, 
E„ = y^^  U In ^ + In 77^  ^ 
4C2+X +UX J AC2+1. +X 
where U = (U-T)/(U+V) 
u and V are the mobilities of the cation and anion res-
pectively, in the membrane phase, C-. and Cp are the concen-
trations of electrolyte on either side of the membrane and 
X is the fixed charge density in the membrane. For the 
case of a 1:1 and 2:2 electrolyte assuming the membrane 
charge density X to be unity and ascribing different 
values of u/v, the membrane potential,E,was calculated 
with the help of above equation (Tables No. 5, 6), 
Charge density:- The membrane is regarded as having a 
constant amount of charge per unit volume or fixed ion 
concentration. This value is known as the charge density 
of the membrane. 
Theoretical concentration potentials for a cation 
exchange membrane in 1:1 and 2:2 electrolytes, keeping 
external electrolyte concentration ratio always constant 
(G-i/Cp = 10), were calculated as a function of log (X/C2) 
for different mobility ratios (u/v) and plotted as shown 
in Pigs. 1-15. The experimental membrane potential values 
were also plotted in the same graph as a function of -log 
Cp. The experimental curve was shifted horizontally untill 
it coincided with one of the theoretical curves. The shift 
measured log X . Tables (7,8) . 
Table No. 5 
Calculated values of total membrane potential, E -, across 
C Sl-L 
a membrane in so lu t ion of mono-monovalent e l e c t r o l y t e of 









P o t e n t i a l in (mV) at d i f fe ren t mobil i ty 
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Table No. 7 
Values of charge d e n s i t i e s (X) e q / l i t and m o b i l i t y r a t i o 
u / v fo r copper c a p r y l a t e , copper c a p r a t e , copper l a u r a t e 
and copper m y r i s t a t e membranes i n CuSO. and NaCl e l e c t r o -
l y t e s 
CuSO^ NaCl 
Membranes (X) e q / l i t u / v (x) e q / l i t u / v 
-4. -4-
Copper c a p r y l a t e 8.0x10 1.4 5.0x10 0 .8 
-4. - ^ 
Copper cap ra t e 3.2x10 0 .8 4.6x10 0.6 
Copper l a u r a t e 7.9x10""^ 1.0 7.0x1o"^ 0 .8 
Copper m y r i s t a t e 1.3x10 ^ 1.0 1.2x10 0.4 
































































































































































































The e f f e c t of t i m e , c o n c e n t r a t i o n of the e l e c t r o l y t e , 
membrane pore s i z e , t h e f ixed charged group a t t a c h e d to the 
pore w a l l s , p a r t i c l e s i z e , a d s o r b a b i l i t y e t c . on p o t e n t i a l 
have been d i s c u s s e d i n d e t a i l by S o l l n e r (51)» Michae l i s 
( 5 2 ) , T e o r e l l ( 3 3 ) , and Meyer and S i e v e r s ( 3 4 ) . According 
t o TMS t h e o r y c o - i o n s a re p reven ted from e n t e r i n g i n t o 
membrane po res on the b a s i s of Donnan e x c l u s i o n . The 
c o - i o n s e x c l u s i o n i s almost complete i n case of membranes 
wi th h igh f ixed charge d e n s i t y and d i l u t e e x t e r n a l 
e l e c t r o l y t e s o l u t i o n . Counter ions a r e f r e e to move in 
t h e membrane p o r e s . Thus the membrane behaves l i k e an 
ion exchanger . 
An ion exchange membrane may show p r e f e r e n c e t o one 
c o u n t e r i o n over the o t h e r , l e a d i n g to t h e s e l e c t i v e ion 
exchange and t h e d i f f e r e n c e i n the membrane p o t e n t i a l 
(when made i n t o a membrane) wi th v a r i o u s e l e c t r o l y t e s 
hav ing same colons but d i f f e r e n t c o u n t e r i o n s . T h e o r e t i c a l 
b a s i s f o r t h i s coun te r ion s e l e c t i v i t y of an ion exchanger 
has been worked out by &regor ( 3 5 ) , Eisenman ( 3 6 ) , Sherry 
(37) and Ghu e t a l . ( 3 8 ) . Whereas the f i r s t t h r e e of 
t h e s e have worked l a r g e l y wi th c a t i o n exchanger s , Chu e t a l . 
4G 
have discussed the s e l e c t i v i t i e s of anion exchangers. 
According to Gregor's theory (35)» of the two counter ions, 
one having smaller hydrated ion ic radius (and the re fo re , 
the smaller hydrated ionic volume) i s to be preferred by 
an ion-exchanger. The values of hydrated ion ic r a d i i , 
enthalpy of hydrat ion for var ious cat ions given in Table 
(A) have been taken from Noyes da ta (39) . 
Table (A) 
Ion , .^•^^^^•'•J? °^+-i.r. Hydrated cat ion ic r a d i i 
hydrat ion of cat ion 





During the membrane p o t e n t i a l measurement i t was 
noticed t h a t membrane p o t e n t i a l s , in genera l , r i s e s with 
time and a f te r a t t a i n i n g a p a r t i c u l a r value i t f e l l off 
slowly. On repea ted ly rep lac ing the so lu t ion on the two 
s ides of the membrane. the membrane p o t e n t i a l commenced 
to r i s e fur ther from t h i s p a r t i c u l a r ( s a tu ra t i on ) value . 
This ind ica t e s t ha t the adsorpt ion of anions on the mem-
brane pore walls takes place making the membrane progress-










ively more and more electrically charged. The time to 
attain the saturation value, in general, falls with 
increasing electrolyte concentrations. The potential 
also increases as the valency of anion increases. This 
is in accordance with the theory put forward hy Michaelis 
(32) and supported by Willis (40) that adsorption plays 
an important role in the generation of potential across 
a membrane. 
In the solution-membrane-solution system, there 
exist permanent Donnan equilibria between the external 
solutions and the membrane surfaces, and the total mem-
brane potential is the sum of (A) two Donnan potentials 
and (B) a diffusion potential within the membrane. To 
understand more clearly the diffusion process and the 
character of soap parchment supported membranes in this 
respect, the membrane concentration potential studies 
were done. 
The magnitude of the membrane concentration poten-
tial depends upon the nature and absolute concentration of 
the two adjacent electrolyte solutions. The dilute side 
of our system was positive, thereby showing that the cation 
was the faster moving ion and that the parchment supported 
soap membrane were electronegative in nature. 
48 
The concentration potential of copper caprylate 
(having 8 carbon atoms) in copper sulphate and alkali 
chloride solutions were much below the theoretical values, 
but that of copper myristate (having 14 carbon atoms) in 
same electrolytes were very close to theoretical values 
(Table Nos. 1,2). The membrane concentration potential 
values across the four membranes in either electrolyte 
(NaCl or CuSO.) increase with the length of the hydrocarbon 
chain of the fatty acids (Table Nos. 1-2). Thus the mag-
nitude of the copper myristate membrane potential is quite 
close to the theoretical value and the deviation becomes 
more and more in the following order, 
Myristate < Laurate < Caprate < Caprylate 
The concentration potential of copper myristate 
membrane in alkali chloride solutions were closed to the 
theoretical values and had the sequence (Table No. 4) 
ECl > NaCl > LiCl 
The charge densi ty of t h i s membrane when in contact with 
NaCl or CuSO. was very high as compared to those of copper 
capry la te , copper caprate or copper l au ra te membranes. 
The i dea l p o t e n t i a l values of parchment supported copper 
myr is ta te membrane in comparison to other soap membranes 
i s due to i t s high e l e c t r o s t a t i c a t t r a c t i o n between cations 
(Na , Cu ) and fixed charge s i t e s on the membrane. 
40 
Gregor (35) emphasized the importance of hydrated 
ion ic s i z e , Sherry and Eisenman (36,57) regarded the 
energe t ics of hydrat ion and i o n - s i t e i n t e r a c t i o n as of 
key importance. According to Eisenman in ion exchangers 
with weak f i e l d s t r eng th , the s e l e c t i v i t y sequence i s 
governed by hydrat ion energies of counter ions. 
On the bas i s of fac tors discussed above, i t i s 
c lear t h a t copper myr is ta te soap membrane i s the most 
i d e a l among copper capry la te , copper caprate and copper 
l au r a t e soap membranes. 
For a l l the e l e c t r o l y t e s s tud ied , the membrane 
p o t e n t i a l s f a l l off with increas ing concentrat ion of t he 
ex te rna l e l e c t r o l y t e so lu t ions (vide Tables 1-4). As 
membrane p o t e n t i a l i t s e l f i s not su f f i c i en t for allowing 
the cha rac t e r i za t ion and comparison of various ions , 
apparent anionic mob i l i t i e s v which not only r e fe r to the 
r e l a t i v e speed of the anions ins ide the membrane but also 
to the chance of t h e i r ent ry in the membrane pores , have 
been calcula ted r e l a t i v e to the ca t ion ic mobil i ty u from 
membrane p o t e n t i a l s using the equation: 
u V 
E = ^ In ^ ^ ff -p n 
u + V 2 2 
The ca t ion ic mob i l i t i e s for making t h i s ca lcu la t ion have 
'oC 
been taken to be those in free so lu t ion as has also been 
done by Wil l is (41 ; . [Values of u for var ious cat ions 
have been taken a s : Cu = 56.6 , l i = 38 .6 , Na = 50 .1 , 
K+ = 73 .5 , NH^ = 73.4 and Rb"^  = 77.8 cm^ ohm""' equiT^ (42 )."^  
Gationic t ransference mamber ( i n the membrane) t^ 
for var ious e l e c t r o l y t e s has been ca lcula ted us ing K i t t l e -
be rge r ' s (43) r e l a t i o n : 
Z and Z__ are the cat ion and anion va lenc ie s , r e spec t i ve ly . 
Permselec t iv i ty of the membrane, P_, which i s a 
measure of the s e l e c t i v i t y of the membrane for counterions 
over colons, has been ca lcula ted using the r e l a t i o n given 
by Winger e t a l . { ^H ) f 
^s = 
K 
1 H- t^ 
The values of apparent anionic mobi l i ty v , ca t ion ic 
t ransference number in the membrane t^ and the permselec t i -
v i t y Pg calcula ted for var ious e l e c t r o l y t e s at var ious 
concentrat ions for the parchment supported copper myris ta te 
membrane are given in t a b l e s 9-20 and have also been p l o t -
ted as function of ex te rna l e l e c t r o l y t e concentrat ion in 
f i g s . 16-27. 
60 
- 50H 
o 4 0 H 
>-




















- l o 4 C, 
Fi4(l6) APPARENT ANIONIC MOBILITY OF PARCHMENT 
SUPPORTED Cu SOAP MEMBRANES IN SOLUTION 
OF CUS04 ELECTROLYTE AS A FUNCTION OF lojC, 
Table No. 9 
Values of apparent anionic mobi l i ty , V, in copper capry-
l a t e , copper capra te , copper l aura te and copper myris-
t a t e membranes for CuSO. at var ious concentrat ions 
2 -1 -1 
Anionic mobil i ty V (cm-/"*- equiv. ) 
E lec t ro ly te Copper Copper Copper Copper 
concentrations caprylate caprate l au ra te myr is ta te 
1x10"V lx10"^ 53.8754 52.1896 51.5485 44.0222 
I x l O ' ^ / l x l o " ^ 30.2062 23.7530 20.6768 18.6971 
5x10"^/5xlO~'^ 19.3800 16.5598 13.2212 11.6428 
1x10^^/1x10"^ 7.3450 5.3357 4.7685 2.9472 
5x10"V5x10"*^ 7.1019 4.4332 3.2343 1.5722 
Fig. 16 





















Fift (17) APPARENT ANIONIC MOBILITY OF PARCHMEN' 
SUPPORTED Cu SOAP MEMBRANES IN NacI 
ELECTROLYTE AS A FUNCTION OF loft C, 
Table No. 10 
Values of apparent ionic mobility, Y, in copper caprylate, 
copper caprate, copper laurate and copper myristate mem-
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Fid.CI8)-APPARENT ANIONIC MOBILITY IN A 
PARCHMENT SUPPORTED COPPER MYRISTATE 
MEMBRANE FOR VARIOUS ELECTROLYTES AS 
A FUNCTION OF Lo^-Cp 
^a 
Table No. 11 
Values of apparen t i o n i c mobi l i ty^ V^  i n parchment supported 
copper m y r i s t a t e membrane for KCl, KBr, KL and KNO^  e l e c t r o -
l y t e s at v a r i o u s c o n c e n t r a t i o n s 
2 —I —1 
Apparent i o n i c m o b i l i t y Y ( c m - / ^ equiv ) 
KBr KI KNO. E l e c t r o l y t e -^„-^ 
c o n c e n t r a t i o n s " ^ """ ^"'"^3 
1 x 1 0 " V l x 1 0 " ^ 31.0962 24.6100 24.1700 23.3909 
5x10"^/5x10"^ 21.4525 15.5727 10.9074 7.9831 
1x10"^/1x10"^ 4.9353 3.0383 2.4041 2.9039 
5x10"^/5x10"'^ 3.0383 1.7152 1.7152 2.1730 
1x10"^/1x10~^ 1.2629 0.8795 0.7526 1.5207 













APPARENT ANIONIC MOBILITY IN A PARCHMENT SUP-
PORTED COPPER MYRISTATE MEMBRANE FOR VARIOUS 
ELECTROLYTES AS A FUNCTION OF Loii.C|. 
r - J' 
Table No. 12 
Values of a n i o n i c mobi l i ty^ V^  i n parchment suppor ted copper 
m y r i s t a t e membrane for L iC l , NaCl, KCl, NH.Cl and RbCl a t 
v a r i o u s c o n c e n t r a t i o n s 
2 —1 -1 
Apparent a n i o n i c m o b i l i t y V (cm J^ equiv ) 
^J^^°!+S'^+l 'Lc i i C l NaCl KCl NH.Cl RbCl 
c o n c e n t r a t i o n s 4 
1x lO"Vlx10~^ 23.4114 24.0222 31.0962 30.1617 30.5708 
5x10~^/5x10"^ 16.0026 18.6971 21.4525 19.8734 18.4541 
1x10"^/1x10"^ 4.6847 4.7428 4.9353 4.4087 3.9349 
5x10"^/5x10~^ 2.6849 2.9472 3.0383 2.7032 2.8613 
1x10""^/1x10"^ 1.2019 1.5722 1.7629 0.6387 0.3963 
P ig . 19 
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Table No. 13 
Values of ca t i on i c t ransference number, t ^ , i n copper cap-
r y l a t e , copper capra te , copper l aura te and copper myris tate 
parchment supported membranes for CuSO. e l e c t r o l y t e of 
varying concentrat ions 
Membranes 
E lec t ro ly te concentrat ion 
0.1M 0.01M 0.005M 0.001M 0.0005M 
Copper caprylate 0.51 0.65 0.74 0.88 0.89 
Copper caprate 0.52 0.70 0.77 0.91 0.92 
Copper l aura te 0.52 0.73 0.81 0.92 0.94 
Copper myris ta te 0.56 0.75 0.82 0.95 0.97 
Fig. 20 
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Table No, 14 
Values of ca t i on i c t ransference number, t+i in parchment 
supported copper capry la t e , copper capra te , copper 
l au ra te and copper myris ta te membranes for NaCl e l e c t r o -
ly t e of varying concentrat ions 
E lec t ro ly te concentrat ion 
0.1M 0.05M O.OIM 0.005M O.OOlM 
Membranes t^ 
Copper caprylate 0.54 0.67 0.82 0.83 0.84 
Copper caprate 0.55 0.71 0.82 0.85 0.86 
Copper l aura te 0.64 0.72 0.88 0.94 0.95 
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QzKBr 
0 z K I 
. ^ = K N 0 3 
-Lo^C,-
Fid.C22) CATION TRANSPORT NUMBER IN A PARCH-
MENT SUPPORTED COPPER MYRISTATE MEMBRANE FOR 
VARIOUS ELECTROLYTES AS A FUNCTION OF LOfi.C,. 
b'7 
Table No. 15 
Ef fec t of c a t i o n v a r i a t i o n on, t4., of parchment supported 
copper m y r i s t a t e membrane fo r KCl, KBr, EI and KHO~ of 
d i f f e r e n t c o n c e n t r a t i o n s 
E l e c t r o l y t e c o n c e n t r a t i o n 
0.1M 0.05M O.OIM 0.005M 0.C01M 
E l e c t r o l y t e s t ^ 
ECl 0.7027 0.7741 0.9371 0.9605 0.9831 
KBr 0.7491 0.8251 0,9603 0.9772 0.9882 
KE 0.7525 0.8708 0.9683 0.9772 0.9899 
KNOj 0.7432 0.9020 0.9620 0.9713 0.9772 
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Fid.C23)CATI0N TRANSPORT NUMBER IN A PARCHMENT 
COPPER MYRISTATE MEMBRANE FOR VARIOUS ELEC-
TROLYTES AS A FUNCTION OF L0« C,. 
[)'6 
Table No. 16 
Ef fec t of c a t i o n v a r i a t i o n on, t ^ , of parchment suppor ted 
copper mj r r i s ta te membrane for L i C l , NaCl, KCl, Iffl.Cl and 
RbCl of d i f f e r e n t c o n c e n t r a t i o n s 
E l e c t r o l y t e c o n c e n t r a t i o n 
0.1M 0.05M 0.01M 0.005M 0.001M 
E l e c t r o l y t e s t + 
LiCl 0.6224 0.7069 0.8851 0.9350 0.9578 
NaCl 0.6913 0.7669 0.8851 0.9421 0.9831 
KCl 0.7027 0.7741 0.9371 0.9603 0.9831 
NH^Gl 0.7090 0.7871 0.9434 0.9645 0.9914 
RbCl 0.7179 0.8083 0.9519 0.9645 0.9949 
F i g . 23 


















FiA.C24^ PERMSELECTIVITY OF VARIOS PARCHMENT 
SUPPORTED COPPER SOAP MEMBRANES IN SOLUTION 
OF CUS04 ELECTROLYTE AS A FUCTION OF LoA C, 
Table No. 17 
Values of p e r m s e l e c t i v i t i e s , P^, of copper cap ry la t e , 
copper capra te , copper l au ra te and copper myrietate parch-




Concentration of CuSO, 
0.1M 0.01M 0.005M 0.001M 0.0005M 
Permse lec t iv i ty , Pg 
Copper capryla te 0.2185 0.4399 0.5839 0.8080 0.8240 
Copper caprate 
Copper l au ra t e 
0.2344 0.5199 0.6319 0.8560 0.8720 
0.2344 0.5679 0.6960 0.8720 0.9040 
Copper myr is ta te 0.2982 0.5999 0.7120 0.9200 0.9520 
Fig. 24 
1 










- L o A C, 
A Cu CAPRYLATE 
B Cu CAPRATE 
• Cu LAURATE 
V Cu MYRISTATE 
3 
Fid.C2 5) PERMSELECTIVITY OF A PARCHMENT 
SUPPORTED COPPER SOAP MEMBRANES IN SOLU-
TION OF NaCl ELECTROLYTE AS A FUCTION OF 
Lo^.C,. 
Table No. 18 
Values of p e n a s e l e c t i v i t i e s , P„, of copper capry la te , 
copper capra te , copper l aura te and copper myr is ta te mem-
branes for NaCl e l e c t r o l y t e of varying concentrat ions 
60 
Membranes 
Concentration of NaCl 
0.1M 0.05M 0.01M 0.005M 0.001M 
Permse lec t iv i ty , Pg 
Copper capryla te 0.2512 0.4611 0.7040 0.7202 0.7360 
Copper caprate 0.2678 0.5265 0.7040 0.7531 0.7690 
Copper l au ra te 0.4143 0.5434 0.8027 0.9012 0.9175 
Copper myr is ta te 0.4977 0.6311 0.8511 0.9047 0.9624 
Fig. 25 























Fi4.C26) PERMSELECTIVITY OF A PARCHMENT 
SUPPORTED COPPER MYRISTATE MEMBRANE OF 
VARIOUS ELECTROLYTES AS A FUCTION OF Lo^C,. 
61 
Table No. 19 
Ef fec t of anion v a r i a t i o n on p e r m s e l e c t i v i t y , P_ , of parch-
ment suppor ted copper m y r i s t a t e membrane for KCl, KBr, E I , 
and KNO„ of d x f f e r e n t c o n c e n t r a t i o n s 
E l e c t r o l y t e c o n c e n t r a t i o n 
0.1M 0.05M 0.01M 0.005M 0.001M 
E l e c t r o l y t e s P e r m s e l e c t i v i t y , P 
KCl 0.5171 0.6571 0.8767 0.9222 0.9669 
KBr 0.5215 0.6617 0.9232 0.9559 0.9772 
KI 0.5300 0.7477 0.9555 0.9803 0.9951 
KNO, 0.4756 0.8003 0.9233 0.9417 0.9537 
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Fl^.(27) PERMSELECTIVITY OF A PARCHMENT SUPPORTED 
COPPER MYRISTATE MEMBRANE OF VARIOUS ELECTROLYTES 
AS A FUNCTION OF LoA C,. 
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Table No, 20 
Ef fec t of c a t i o n v a r i a t i o n on p e n n s e l e c t i v i t y , P. , , of pa rch-
ment suppor ted copper m y r i s t a t e membrane for l i C l , NaCl, KCl 
NH.Cl and RbCl of d i f f e r e n t c o n c e n t r a t i o n s 4 
E l e c t r o l y t e s 
E l e c t r o l y t e c o n c e n t r a t i o n 
0.1M 0.05M 0.01M 0.005M 0.001H 




0.4473 0.5683 0.8288 0.9028 0.9367 
0.4977 0.6311 0.8511 0.9047 0.9624 
0.5171 0.6571 0.8767 0.9222 0.9669 
NH.Cl 4 
RbCl 
0.4289 0.5817 0.8888 0.9303 0.9831 
F ig . 27 
G3 
With increase in external electrolyte concentrations, 
the membrane potential, cat ionic transference nvimber t+ and 
the permselectivity fall whereas apparent anionic mobility 
increases. This can be explained on the basis of TMS 
theory. According to this theory counterions (cations in 
our case) are free to move in the membrane pores whereas 
the colons are prevented from entering the membrane pores 
because of Donnan exclusion. As the external electrolyte 
concentration increases, Donnan exclusion becomes progres-
sively weaker and more and more of colons enter the mem-
brane pores. The membrane selectivity thus falls and, 
therefore, the membrane potential cationic transference 
number t+ and the membrane permselectivity Pg fall with 
increase in external electrolyte concentration whereas 
the apparent anionic mobility increases. 
The membrane potentials for various electrolytes, 
in general, observe the following sequence; 
RbCl > KCl i^  M . CI > NaCl > LiCl 
4 
KI > KBr > KNO, > KCl 
The various factors worth considering in determining this 
sequence are free solution mobilities, adsorbabilities, 
valencies and the ionic size. 
The sequence obtained for the alkali chloride can 
B4 
be explained on the bas i s of f ree so lu t ion mob i l i t i e s of 
the four a l k a l i cat ions which also follow the order , 
Rb"^  > K"*" > Na"^  > Li"^. NHI" has near ly the same mobi l i ty 
as t h a t of K"*", and therefore the membrane p o t e n t i a l s i n 
so lu t ions of NH.Cl should be closed to those in solut ions 
4 
of KCl, Moreover, among the four alkali cations, t^ 
having the smallest hydrated size has the maximum chance 
to enter the pores of heteroporous membranes. The cation 
transference number in the membrane, t+, therefore in 
general follows the order Rb'^> K"*"— NH^ > Na"^  > li"^ . 
The anionic mobility series observed here indicate 
that the anion which is impeded most in its passage through 
the membrane gives rise to the maximiim membrane potential. 
In case of univalent anions, as there is probably not much 
difference in their adsorbabilities, the factor responsi-
ble for different values of membrane potential for these 
anions must be the free solution mobility. Thus as NOl 
ion has the smallest free solution mobility among Cl~, Br~, 
I , and NO-, membrane potential values should be largest 
for KNO, amongst the potassium salts of these anions. 
Moreover, greater anionic charge results in a strong elec-
trical repulsion for anion by the membrane, thus making 
its entry in the membrane pores difficult. Apparent 
anionic mobilities (table 11) decrease in the order 
CI" > Br" > I" > NOl 
G5 
According to TMS theory of the charged membrane, 
the membrane p o t e n t i a l at d i f fe ren t concentrat ions for a 
1:1 e l e c t r o l y t e can be u t i l i z e d to evaluate the membrane 
fixed charge dens i ty CJZ (where o) = + 1 depending upon the 
sign of the membrane charge and X i s the fixed charge 
densi ty in equ iv /1 ) . Recently, Altug and Hair ( 1 ^ have 
developed a method based on TMS theory to e v a l u a t e o x . 
This method also has been employed here to evaluate the 
wx values of copper cap ry la t e , copper capra te , copper 
l au ra t e and copper myris ta te soap membranes. 
With the help of equation t o t a l membrane p o t e n t i a l 
across a membrane in NaCl so lu t ions of d i f fe ren t concen-
t r a t i o n s (C^/Cp remaining equal to 10) are calculated 
ascr ib ing var ious hypothe t ica l values to o^ X (-0,4N, -0,111, 
e t c . ) ; u and v the ca t ion ic and anionic mob i l i t i e s inside 
the membrane have been assximed to be the same as in free 
so lu t ion . Owing to the p r a c t i c a l d i f f i c u l t i e s of measur-
ing ion ic a c t i v i t y in the membrane phase, concentrat ions 
have been used for a c t i v i t i e s as suggested by Altug and 
Hair i\\). Values of {"n ^+ rx^), {^^- ^^) and the t o t a l 
membrane p o t e n t i a l E^ ,^ for var ious hypothe t ica l values 
ofo>X in NaCl so lu t ions of d i f fe ren t concentrat ions are 
given in t ab l e 21. E^ ^ has been p lo t t ed against log C. 
for var ious values of 6CiX. For the same concentrat ion 
GG 
range, experimentally observed membrane p o t e n t i a l s ( in 
NaCl solut ion) are p lo t ted against log C^. The theo re -
t i c a l curve t h a t overlaps the experimental curve gives 
the values of oi^X of the membrane concerned (vide f i g s . 
28-31). Thus the values of wX for copper mjrristate 
parchment supported membrane was found to be -0.01N. In 
the cases of copper cap ry la t e , copper caprate and copper 
l au ra t e the agreement between the experimental and the 
t h e o r e t i c a l curves was very poor ( f i g s . 28-50). 
Now using t h i s experimentally determined value for 
the fixed charge densi ty of the membrane, values of (7r-i+7r2) » 
(j^ _ji( ) and the t o t a l membrane p o t e n t i a l E ^ were ca l -
culated for the parchment supported copper myris ta te 
membrane in so lu t ions of KCl, KBr, KI, KNO_, LiCI, NaCl, 
NH.Cl and RbCl of d i f f e ren t concentrat ions (vide t a b l e s 
10a-10g). In order to compare the calculated membrane 
po ten t i a l s for parchment supported copper myris ta te mem-
brane in KCl, KBr, EC, KNO,, LiCl, NaCl, NH.Cl and RbCl 
with the experimentally observed membrane p o t e n t i a l s in 
these e l e c t r o l y t e s , (both values calculated as well as 
experimental) have been p lo t t ed against log G. (vide f i g s . 
51-38). 
The agreement between the calculated and the observed 
values i s good in case of NaCl, only f a i r in case of l i C l 
b ( 
whereas the agreement i s poor in a l l other cases . I n s -
pect ion of equation 
E = TT I n -r~ + "TT lii^ — 
F r^ u+v F a2 (r2U+v/r2) 
r evea l s that for the e l e c t r o l y t e s l i ke NaCl sind MCI, the 
ca t ion ic and anionic mob i l i t i e s d i f fe r appreciably and 
(fi - <l> makes a s ign i f i can t cont r ibu t ion to the t o t a l mem-
brane p o t e n t i a l . I t i s to be noted tha t in present calcu-
l a t i o n s the free so lu t ion m o b i l i t i e s have been used. 
However, diffusion data in the l i t e r a t u r e ind ica tes that 
ion ic mob i l i t i e s undergo a change in a charged phase (45"). 
Similar r e s u l t s have also been observed by Altug and Hair 
{W) for a g lass membrane in case of HCl. 
The r e s u l t s described in t h i s chapter ind ica te tha t 
the behaviour of parchment supported copper capry la te , 
copper capra te , copper laxirate and copper myris ta te mem-
branes, in genera l , can be accounted for on the bas i s of 
the theory of Teore l l , Meyer and Sievers and the views of 
Michaelis (on the r o l e of adsorp t ion) . All the four mem-
branes carry fixed ionogenic groups attached to the matr ix . 
These groups probably owe t h e i r o r ig in mostly to the adsorp-
t i o n of inorganic anions and s l i g h t l y to the d i s soc ia t ion 
of ac id ic groups of the parchment paper. 
68 
E ^ Values of Total Membrane Concentration P o t e n t i a l 
Calculated by Altug and Hair Method at Different<^X 
Values. 
According to Altug and Hair the membrane p o t e n t i a l 
i s the sum of two phase boundary p o t e n t i a l s denoted by TT^  
andXp ^^^ *^ ® diffusion p o t e n t i a l within the membrane 
denoted by ^^ - ^. , thus 
S c a l = ^^1 ^'^2^ -^  ^h - ^1^ 
For the case of 1:1 e l e c t r o l y t e assuming d i f fe ren t values 
for membrane charge densi ty t*^! in NaCl so lu t ion , the mem-
brane p o t e n t i a l E -,, Donnan potent ia lTT. +1^^ and diffu-
sion p o t e n t i a l j^ p *" ^i were calculated and given in Table 
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Fi«.(283 CALCULATED VALUES OF MEMBRANE POTENTIAL 
IN NaCL SOLUTIONS ASSUMING DIFFERENT VALUES FOR W> 
SMOOTH CURVES AND OBSERVED VALUES OF MEMBRANE 
POTENTIALS ACROSS R^ RCHMENTSUPPORTED COPPER CARRY' 
LATE MEMBRAME(DOTTED CURVE) IN NaCL SOLUTION AS 
A FUNCTION OF Lo4 C,. 
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FI4.C29) - L 0 4 C 
CALCULATED VALUES OF MEMBRAhE POTENTIAL IN NaCt 
SOLUTION ASSUMING DIFFERENT VALUES FOR WX (SMOOTH 
CURVES') AND OBSERVED VALUES OF MEMBRANE POTENTIAL 
ACROSS PARCHMENT SUPPORTED COPPER CAPRATE MEMBRi 
CDOTTED CURVED IN NaC£ SOLUTION AS A FUNCTION OF Loi 
601 
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I _ CJXz -0-4N 
n ^GJX = _ 0 1 N 
ni . (JOX=-0-06N 
12 . a ; x 3 - 0 0 2 N 
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CALCULATED VALUES OF MEMBRANE POTENTIAL IN NaCt 
SOLUTIONS ASSUMING DIFFERENT VALUES FOR OX (SMOOTH) 
CURVES) AND OBSERVED VALUES OF MEMBRANE POTENTIAL 
ACROSS PARCHMENT SUPPORTED COPPER LAURATE MEM-
BRANE (DOTTED CURVE) IN NaCL SOLUTION AS A FUNCTION 











- O J X z 
. O O X 3 
_a)X -
_ (A )X = 
_COX r 
_G0 X z 
_ 0 - 4 N 
_ 0- 1 N 








- L 0 4 C , 
CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
NaCL SOLUTION ASSUMING DIFFERENT VALUES FOR 
00X (SMOOTH CURVES) AND OBSERVED VALUES 
OF MEMBRANE POTENTIAL ACROSS PARCHMENT 
SUPPORTED COPPER MYRISTATE MEMBRANE C DOTTED 
CURVE) IN NaCL SOLUTION AS A FUNCTION OF LojC,. 
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Table No. 21 
C a l c u l a t e d v a l u e s of (TTt+T^)* (?^2"^1^ ^^^ t o t a l membrane 
p o t e n t i a l E -, a c ros s a membrane i n s o l u t i o n of NaCl of 
v a r i o u s c o n c e n t r a t i o n s , a s c r i b i n g v a r i o u s v a l u e s t o c o x 
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- 8 . 9 9 
- 0 . 7 3 




- 1 2 . 1 9 
- 4 . 6 8 
-2 .21 
- 0 . 1 2 
-0 .024 
-0 .0076 
- 1 2 . 3 8 
- 7 . 0 5 
- 4 . 1 0 
- 0 . 3 4 
- 0 . 0 8 
-0 .0051 
cont inued 
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Fi4.C32) -L04C,-
CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
KCl SOLUTION ASSUMING (A)X=-001 CSMOOTH CURVE) 
AND OBSERVED VALUES OF MEMBRANE POTENTIALS 
ACROSS PARCHMENT SUPPORTED COPPER MYRISTATE 
MEMBRANE IN SOLUTION OF NaC£ CDOTTED CURVE ). 
Fid.C33) CALCULATED VALUES OF MEMBRAHE POTENTIAL 
IN KBr SOLUTION ASSUMING CA)XrO'OIN (SMOOTH CURVE) 
AND OBSERVED VALUES OF MEMBRANE POTENTIAL ACROSS 
PARCHMENT SUPPORTED COPPER MYRISTATE MEMBRANE. 
6 0 n 
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FU.C34) ^L04C,— 
CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
KI SOLUTION ASSUMING (OXr-OOIN (SMOOTH CURVED 
AND OBSERVED VALUES OF MEMBRANE POTENTIAL 
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Fi«.C35) - L o A C — ^ 
CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
KNO3 SOLUTION ASSUMING tOXs-OOIN (SMOOTH 
CURVE ) AND OSBSERVED VALUES OF MEMBRANE 
POTENTIAL ACROSS PARCHMENT SUPPORTED COPPER 




CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
LICZ SOLUTION ASSUMING CA)X = ^0-OIN (SMOOTH 
CURVE ) AND OBSERVED VALUES OF MEMBRANE 
POTENTIAL ACROSS PARCHMENT SUPPORTED COP-
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Fi4.C37) .Lo«C 
CALCULATED VALUES OF MEMBRANE POTENTIAL IN 
NH4C£ SOLUTION ASSUMING CO x = ^OOIN CSMOOTH 
CURVE ) AND OBSERVED VALUES OF MEMBRANE PO-







Fid.C38) CALCULATED VALUES OF MEMBRANE 
POTENTIAL IN RbCL SOLUTION ASSUMING tuXrOOIN 
(SMOOTH CURVE) AND OBSERVED VALUES OF MEM-
BRANE POTENTIAL ACROSS PARCHMENT SUPPORTED 
COPPER MYRISTATE.MEMBRAE. 
C a l c u l a t i o n of t o t a l membrane p o t e n t i a l by Altug and Hai r 
method. 
Table No. 22 
C a l c u l a t e d v a l u e s of {T(.+Kp) , k4,y-4.^ aiid t o t a l membrane 
p o t e n t i a l E -, a c ro s s copper m y r i s t a t e membrane (assum-
c a l c 
i n g i t s u l x = 0.01N) i n s o l u t i o n of KCl, KBr, KI, KNO,, 





1 x 1 0 " V l x 1 0 " ^ 
5x10"^/5x10~^ 
1x10"^ /1x lO~^ 
5 x l 0 " ^ / 5 x 1 0 " ^ 
1x10"^ /1x lO"^ 
l / l x l O " " " 
1 x 1 0 " V l x l O " ^ 
5x lO"^ /5x10"^ 
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Table No. 22 (continued) 
(c ) EE 
(d) KKO^ 




Sxlo '^ /SxIO""^ 
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Table No. 22 ( con t inued ) 
( f ) 
(g) 
NH. CI 4 
RbCl 




5 x l 0 " ^ / 5 x 1 0 " ^ 
1 x l 0 " ^ / 1 x l 0 " ^ 
S x l o ' V s x I O " ^ 




1 x l o " ^ / 1 x 1 0 " ^ 
5x10"^ /5x10" ' * 
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CHAPTER II 
DIFFUSION OF 1:1 BLBCTROLYTE THROUGH PARCHMENT 
SUPPORTED COPPER SOAP MEMBRANES 
80 
INTRODUCTION 
When two e l e c t r o l y t i c so lu t ions having d i f fe ren t 
concentrat ions are separated by a manbrane, the mobile 
species permeate through the membrane and various t r a n s -
por t phenomena are induced in to the system. The number 
of forces t h a t may normally operate in the absence of 
ex te rna l magnetic and g r a v i t a t i o n a l forces to cause a 
flow or flux of molecular or ion ic species through i t 
a r e : ( i ) difference of chemical p o t e n t i a l ^jx, ( i i ) 
difference of e l e c t r i c p o t e n t i a l ^^E, ( i i i ) difference of 
pressure ^ P , aad ( iv) difference of temperature AT. 
These forces when operate ind iv idua l ly or in combination 
may generate a nximber of phenomena ( 1 - 4 ) . These are 
sys temat ica l ly presented in a recent book by Lakshmi-
narayanaiah ( 5 ) . 
Transport processes occurr ing across membrane are 
of great i n t e r e s t for b i o l o g i s t s , who use them as simple 
models for phys io logica l membranes i n order to understand 
the behaviour of complex c e l l in terms of es tab l i shed 
physiCO chemical p r i n c i p l e s . A t h e o r e t i c a l d iscuss ion of 
many of the t r anspor t phenomena has been given in a mono-
graph by Schlogl (6) and appeared in the proceedings pub-
l ished in recent years ( 7 , 8 ) . I t was demonstrated by 
Teorel l (9) tha t the g a s t r i c mucosal membrane, in some 
8 
formal aspects at l e a s t bekaved exact ly l i ke parchment 
membrane. His fur ther f indings , tha t e l e c t r o l y t i c t r a n s -
port processes in stomach could be handled by something 
s imi la r to P ick ' s diffusion law and tha t Nernst-Planck 
formula for e l e c t r i c a l p o t e n t i a l were appl icable , has 
encouraged us to proceed fur ther with the s tud ies of parch-
ment supported membranes (10-13) . 
In t h i s chapter the diffusion r a t e s tudies of NaCl 
e l e c t r o l y t e so lu t ion through parchment supported membranes 
of copper capry la t e , copper capra te , copper l au ra te and 
copper myr i s t a t e , under isothermal condit ions are described. 
The diffusion r a t e of the ions have been computed using a 
simple c e l l assembly shown in Pig. 8A. The advantage of t h i s 
method i s tha t var ious membrane parameters , namely membrane 
r e s i s t a n c e , R , membrane p o t e n t i a l B and the computed m m 
diffusion r a t e dQ/dt could be known within two-three 
minutes. The method, based on the simple laws of e l e c t r o -
l y s i s , i s known as W.W. Ki t t e lbe rge r (14) method. 
The r e s u l t s have been discussed in the l i gh t of 
Bisenman-Sherry model of membrane s e l e c t i v i t y (15-17) and 
the theory of absolute reac t ion r a t e s (18-20) . 
8-^  c^ 
K i t t e l b e r g e r ' s Method-
Theory; I f a membrane at any i n s t a n t , separa tes two solu-
t i o n s of concentrat ions C. and Cp of the same e l e c t r o l y t e , 
the r a t e of dif fusion of the e l e c t r o l y t e of tha t in s t an t 
can be calculated according to Ki t t e lbe rge r (14) by the 
equation 
A 4MI i s /A I 
dQ+ 
where -rr- - millijnoles (mM) of cat ion di f fus ing per second, 
2+> 2_ = The va lenc ies of ca t ion and anion r e s p e c t i v e l y , 
E = membrane concentrat ion p o t e n t i a l at tha t i n s -m 
t a n t (mV), 
E + = p o t e n t i a l di f ference equivalent to the d i f f e r -
ence in cat ion concentrat ion across the mem-
brane at t ha t ins tan t (mV). 
(S3rmbol E _ w i l l be used to represent the p o t e n t i a l d i f f e r -
ence (mV) equivalent to the difference in anion concentra-
t ion across the membrane at t h a t i n s t an t .} 
P = Faraday (965000 coulombs) 
R^ = membrane e l e c t r o l y t i c r e s i s t ance at t h a t 
i n s t an t (ohms). 
For 1j1 and 2:2 e l e c t r o l y t e s : 
dQ+ ^ 






where TT (or D ) is rate of diffusion of electrolyte 
CI u I* 
For 1:1 e l e c t r o l y t e s 
•whereas for 2:2 e l e c t r o l y t e s 
Thus i f at any i n s t a n t , the concentrat ion of the so lu t ions 
on t h e two s ides of a memhrane are known and membrane 
r e s i s t a n c e R and membrane p o t e n t i a l E are also known, 
the diffusion r a t e of the s a l t can be ca lcu la ted . 
Apparatus and procedure 
The apparatus used for the diffusion r a t e measure-
ment was same as developed by Ki t t e lberger and i s shown in 
Fig. A • 
The membrane c e l l cons is t s of two hal f c e l l s 
(137.375 ml capacity each) having flanges to f i t each 
o ther . The v e r t i c a l female j o i n t s , T and T 'a t tached to 
each half c e l l , provided the way for in t roduct ion of the 
e l e c t r o l y t e and the conduct ivi ty c e l l e lec t rodes in the 
ha l f c e l l s . The membrane was i n s t a l l e d between the 
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ELECTRODES 
MAdNETIC STIRRER 
Fid.CA):KITTEL BERGER'S DIFFUSION RATE MEASURMENT 
APPARATUS AND ELECTRIC CIRCUIT FOR MEASUR 
MENT OF MEMBRANE RESISTANCE C Rm 3. 
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the help of i ron clamps. One Ag/AgCl J-shaped e lec t rode 
and one Ag/AgCl d i sc e lec t rode were introduced and sealed 
i n each ha l f c e l l closed to the membrane as shown in 
Fig. A . 
The conduct ivi ty c e l l e lec t rodes dipping in the 
Sa l t so lu t ions on the two s ides of the membrane were used 
to measure the e l e c t r o l y t e concentrat ion on the two s i d e s . 
I n i t i a l l y the concentrat ion of s a l t so lu t ion on the two 
s ides of the membrane were 0.1M and 0.001M. No appreciable 
change was observed within 5-6 hours in the 0.2M e l e c t r o -
ly t e concentrat ion and therefore we have assumed t h i s 
concentrat ion to be p r a c t i c a l l y unchanged. 
Now the p o t e n t i a l d i f fe rence , E, across the two 
Ag/AgCl J-shaped e lec t rodes on the two s ides of the mem-
brane at any i n s t a n t , i s the a lgebra ic sum of E - and B^ 
at t ha t i n s t an t and can be measured d i r e c t l y . E - can be 
c 
ca lcula ted from the knowledge of the concentrat ions on the 
two s ides of the membrane at t h a t ins tan t by the help of 
equation (3) and therefore E^ can be obtained by sub t rac -
t i o n . 
The e l e c t r o l y t i c r e s i s t ance of the membrane, 
was determined by applying an ex te rna l emf to t h e Ag/AgCl 
d isc e lec t rodes on the two s ides of the membrane and 
measuring the change in the p o t e n t i a l d i f ference of Ag/AgCl 
80 
J-shaped e l ec t rodes . To determine the current in the 
c i r c u i t , IR drop across a known r e s i s t ance R (= 1 OOOJCL) 
placed in s e r i e s with the c e l l was also measured. The 
measuring current was kept as low as possible t o minimise 
the t r ans fe r of ions during the (2-3 minutes required for 
each measurement) r e s i s t ance measurement. 
The experimental procedure was to clamp the membrane 
between the two ha l f c e l l s having ig/AgCl J-shaped as well 
as d isc e lec t rodes fixed with them. Known volumes (approx. 
137.30 ml) of the two so lu t ions of the same s a l t (concen-
t r a t i o n s 0,1M and 0.001M) were introduced and the conduc-
t i v i t y c e l l e lec t rodes were fixed in pos i t i on . The 
assembly had magnetic s t i r r e r s in each hal f c e l l and was 
placed in a thermosta t . The measurements needed were the 
determination, at var ious i n s t a n t s , of (a) the concentration 
of d i l u t e so lu t ion (b) the membrane r e s i s t a n c e in order to 
compute the diffusion r a t e at these i n s t a n t s with the help 
of equations 1-4. 
In order to obtain the concentrat ion of the d i lu t e 
Sal t so lu t ion from the measured conduct ivi ty va lues , c a l i -
bra t ion curves ( conductance v s . concentration) were drawn 
for var ious e l e c t r o l y t e s at temper at lires at which the 
diffusion r a t e s were measured, v i z . , 30°, 35** » 40° 45° 
and 50°C. 
8o 
The p o t e n t i a l and c o n d u c t i v i t y measurements were 
c a r r i e d out by means of a P y e - p r e c i s i o n v e r n i e r po t en t io -
meter (No. 7568) and Cambridge c o n d u c t i v i t y b r idge (No. 
L - 350140) , r e s p e c t i v e l y . 
The membranes used for permeat ion in t h i s method 
were 5 cm i n d i ame te r and the average t h i c k n e s s of the 
membranes were as f o l l o w s : 
- Copper c a p r y l a t e O.36 cm 
- Copper c a p r a t e 0,32 cm 
- Copper l a u r a t e 0 .30 cm 
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The t r a n s p o r t phenomena a re o f t e n d e s c r i b e d by some 
extended form of N e m s t - P l a n c k f l ux e q u a t i o n ( 6 ) . Evalua-
t i o n of flows r e q u i r e s i n t e g r a t i o n of t he se f l u x equa t ions 
under s u i t a b l e boundary c o n d i t i o n s govern ing the behaviour 
of t h e membrane system. Some time ago, K i t t e l b e r g e r (14) 
from t h e s imple laws of e l e c t r o l y s i s , developed the equa-
t i o n 
dQ _ _i_r.RT. T^  ti six ffiifijf—i—u - ^ ~ 
F a^  
^ (5) 
where Q i s the mi H i - e q u i v a l e n t s of c a t i o n s d i f f u s i n g in 
t ime t s e c . , S+ and 2_ are t h e v a l e n c i e s of c a t i o n and 
anion, r e s p e c t i v e l y . R i s t he r e s i s t a n c e i n ohm of t h e 
membrane; E i s t he membrane p o t e n t i a l i n m i l l i v o l t s , a. 
m 1 
and 2,^ ar® "the a c t i v i t i e s of t h e two e l e c t r o l y t e s o l u t i o n s 
on e i t h e r s ide of t h e membrane, R i s t h e gas c o n s t a n t , T 
i s the t empera tu re and P i s t he Faraday. 
In equa t i on (5) ^ ^ ^ + ^ i s e q u i v a l e n t 
1^  ^ i:^  
to the cation transport number as explained in the first 
chapter. The term 
Z^-E^ -^^ \ (6) 
loa 
i s the e f fec t ive p o t e n t i a l ac t ing on the ion. 
The emf measured across the memhrane using the J 
type Ag-AgCl e lec t rodes i s made up of two components, the 
e lec t rode p o t e n t i a l difference E^ due to the Ag-AgCl 
e lec t rodes e x i s t i n g in the two chloride so lu t ions of a c t i -
v i t i e s a> and a^ and the membrane p o t e n t i a l E^ a r i s i ng 
across the membrane due to flow of e l e c t r o l y t e through i t . 
E i s given by the equation 
where / ' s are the a c t i v i t y coef f ic ien t s of the e l e c t r o -
l y t e so lu t i ons . Since (Bg+Ej^ ) i s measured d i r e c t l y , E^^^  
can be evaluated by sub t rac t ion . 
Equation (5) t ha t gives the r a t e dQ/dt at which the 
e l e c t r o l y t e diffuses through the membrane, s impl i f ies to 
The values of membrane p o t e n t i a l B , membrane r e s i s t ance 
R^ and diffusion r a t e dQ/dt derived from the experimental 
data and using equations ( 5 , 7) for a l l the four membranes 
in contact with d i f fe ren t concentrat ions of NaCl are given 
in t ab l e s 1-20 and also p lo t ted in f igures 1-10. 
The r e s u l t s (vide t ab les 1-20) ind ica te t ha t whereas 
the diffusion r a t e increases with t ime, membrane res i s tance 
l O ^ J 
and membrane potent ia l f a l l . I t i s due to the fast move-
ment of counterions t h r o u ^ the membrane which resul t s in 
a separation of charge creating a potent ia l difference 
across the membrane. The role of t h i s potent ial i s to 
accelerate the colon and retard the counterion, t i l l the 
two move at the same speed. The diffusion ra te of colon 
(and hence the diffusion rate of electroljrfce as a whole), 
therefore increases with time. As the diffusion rate of 
colon increases, the difference in the diffusion ra tes of 
the colons and counterions decreases and so does the mem-
brane potent ia l and the diffusion rate should, therefore, 
reach a steady value. In our experiments (vide f igs . 1-10) 
we find that after 150 minutes, the changes in the diffu-
sion r a t e , membrane resistance and the membrane potential 
become quite small. Membrane resistance also fa l l s with 
time partly for t h i s reason and part ly for the fact that 
with time the concentration of dilute side goes on increas-
ing. 
The r i se in temperature i s found to increase the 
diffusion rate and decrease the membrane resistance and 
membrane potent ia l , in increase in the ionic mobilit ies 
inside the membrane with r i se in temperature should 
explain the decrease in membrane resistance and increase 
in diffusion r a t e . With faster diffusion rate the differ-
1 J.U 
ence in the concentrations of electrolyte solutions on the 
low sides of the membrane narrows down and therefore, the 
membrane potential decreases. 
A membrane retards the movement of various species 
permeating through it to various extents due to a number 
of factors. Important amongst these are the membrane pore 
size, particle size, adsorbability etc. If the permeating 
species are ions, then besides these factors, the fixed 
charge groups attached to the pore walls, their strategic 
positions, etc. have also to be considered. These factors 
have been discussed in detail by Sollner (21), Michaelis 
(22), Teorell (23) and Meyer and Sievers (24). According 
to TMS theory, colons are prevented from entering the mem-
brane pores on the basis of Donnan exclusion. The colon 
exclusion is almost complete in case of membranes with 
high fixed charge density and this is usually achieved in 
dilute external electrolyte solutions. While colons are 
prevented to enter into the membrane phase, counterions 
are free to move in the membrane pores and the membrane 
thus behaves like an ion exchanger. 
An ion exchanger may show preference to one counter-
ion over the other, leading to the selective ion exchange 
and the difference in the diffusion rates of various elec-
trolytes having same colons but different counterions. 
_ 4 . 0 -
- 4 - 2 -
^ - 4 . 4 H 
° - 4 6 ^ 
»4-ft-
- 5 0 





:p X 10 
Fi^.CII ):PLOT OF Lo^ Da Vs ij: X 10 ^ FOR THE 
DIFFFUSION OF NaCL THROUGH COPPER CARRY-
LATE MEMBRANE. 
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Fid.CI2): PLOT OF Loft Dli. Vs ~ X 10 FOR THE 
DIFFUSION OF NaC£ THROUGH COPPER CAPRATE 
MEMBRANE. 
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Theoret ica l bas i s for t h i s coiinterion s e l e c t i v i t y of an 
ion exchanger has been worked out by Gregor (25 ) , Bisenman 
(15 ,17) , Sherry (26) and CJhu e t a l . (27) . Wiereas the 
f i r s t th ree of these have worked l a rge ly with cat ion 
exchangers, Chu et a l . have discussed the s e l e c t i v i t i e s 
of anion exchangers. 
The theory of absolute r eac t i on r a t e s (18-20) has 
been applied t o diffusion processes in membranes by severa l 
i nves t i ga to r s (28-31) . The d i f fus ion coeff ic ien t follows 
the Arrhenius equat ion, and the ac t iva t ion energy was c a l -
culated by p l o t t i n g the diffusion in the 150th minute 
against temperature inverse . Diffusion seems to reach 
steady s t a t e in 150 minutes. The slope (F igs . 11-1^) 
gives the values of energy of ac t iva t ion for the diffusion 
process . These values of E for NaCl (a t 30**C) with a l l 
the four membranes are given in t a b l e s 21-24. The copper 
myris ta te membrane has the highest value of B and copper 
caprylate has the lowest value and for the r e s t two mem-
branes l i e in between. 
The diffusion r a t e D^ (mil l imol /h) i s r e l a t ed to 
diffusion coef f ic ien t D (cm/sec) by the r e l a t i o n 
^ r = ^ t ^ C , (9) 
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branes ) , and t the thickness and AC i s the difference in 
the e l e c t r o l y t e concentrat ion ex i s t i ng across the membrane, 
Since area of membrane and concentrat ion difference of 
e l e c t r o l y t e are constant , D i s p ropor t iona l to D_ and 
thus the slopes of l i nea r p lo t s of log D^ v s . (1/T) and 
of log D vs . (1/T) are equal . 
According to Zwolinski e t a l . (18) 
.2 -AF^/RT (10) B^ = r (KT/h) e 
where K i s Boltzmann constant , h i s Planck constant , andA 
i s average dis tance between equil ibrium pos i t ions in the 
process of d i f fus ion. AF^ i s the free energy of ac t iva -
t i o n for d i f fus ion and i s r e l a t ed to enthalpy,AH^, and 
entropy, A S''^ , of ac t i va t ion of diffusion by &ibbs-Helmholtz 
equation 
AI^ =AH^ - T^aS''^  (11) 
AH'^  i s r e l a t e d to Arrhenius energy of ac t i va t ion E by 
the equation 12 
AH^ = E - RT (12) 
Subs t i tu t ing the values of the un ive r sa l cons tan ts , the 
4 4 4 
values ofAH^, AS'^ and ^ F ' ^ can be calculated provided the 
value of X i s known. Different i n v e s t i g a t o r s (18-20,28,29) 
have used values ranging from 1-5 A° for X . In t h i s work 
a value of 3 A° has been used in the ca l cu l a t i ons , and the 
values so derived for the d i f fe ren t thermodynamic parameters 
ISI 
are given in tables 21-24. For purpose of comparison, in 
table 25 are given the values of AS'^ determined by various 
investigators for a variety of systems. Tbe values of ^ S ^ 
(table 25) are either positive or negative. There are a 
few values which are close to zero and correspond to liquid 
systems. According to Eyring and coworkers (18,19), the 
values ofAS^ indicate the mechanism of flow; positive i^S^ 
is interpreted to reflect breakage of bonds between the 
permeating species and the active site while the negative 
A S'^  values are considered to indicate formation of co-
valent bond between the permeating species, and the mem-
brane material or that the permeation through the membrane 
may not be the rate determining step. 
On the other hand, Shuller et al. (20) who found 
negative AS* values for sugar permeation through collodion 
membranes, have stated that "it would probably be correct 
to interpret the small negative values ofAS^ mechanically 
as interstitial permeation of the membrane (minimum chain 
loosening) with partial immobilization in the membrane 
(small zone of disorder)". On the other hand, Tien and 
Ting (28) who found negativeAS^ values for the permeation 
of water through very thin ( 50 A° thickness) bilayer mem-
brane, stressed the possibility that the permeation through 
the membrane may not be the rate-determining step. Based 
122 
on add i t iona l experimental da ta , they came to the conclu-
sion tha t the solution-memhrane in te r face was the r a t e 
l im i t i ng s tep for permeation. 
The r e s u l t of our i nves t iga t ion (Tahle 21-24) i n d i -
cates tha t permeation of NaCl through parchment supported 
heavy metal soap membranes follows the t r a n s i t i o n s t a t e 
theory. The ac t iva t ion energy E r i s e s and diffusion 
coeff ic ient D f a l l s i n the following order : 
c 
Activation energy E : Myristate ^ l au ra te \ caprate^ 
caprylate 
Diffusion coefficient, D : Myristate^ Laurate ^ Caprate < 
caprylate. 
The p o t e n t i a l s tud ies (Table Page ) ind ica te 
t h a t myris ta te offers the maximum hinderance to the flow of 
chloride and i s most f ac i l e for the flow of counterion 
(sodium ion i n t h i s case ) , whereas caprylate offers the 
minimum hinderance to flow of Cl~ and i s not so f a c i l e for 
the flow of Na . The permeating species in i t s passage 
through membrane pore i s a l t e r n a t e l y adsorbed at the active 
s i t e and then desorbed. Thus the minimujn value of D with 
c 
highest value of E for myristate is indicative of the fact 
that in successive immobilization and release in its passage 
through the membrane pore. The rate determining step is 
I'd? o 
the release of ion bound electrostatically with the active 
sites. 
The positive value of entropy of activation, AS^, 
is also indicative of the same fact. The order of the 
entropy increases, i.e., 
Myristate > Laurate > Caprate > Caprylate 
points to the fact that immohilization was maximum in the 
case of myristate and minimxim with caprylate. This is 
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CHAPTER III 
POTENTIOMETRIC NEUTRALIZATION TITRATION 
i^a 
INTRODUCTION 
Several types of membranes have been used to indi-
cate the end points in potentiometric t i t r a t i o n s . Sinha 
(1) t i t r a ted acids with a lka l ies , s i lver n i t r a t e with 
chloride and barium chloride with sulphate solutions 
making use of a heterogeneous permselective cation exchang-
ing membrane. Parsons (2) used heterogeneous permselective 
ion-exchanging electrodes for the t i t r a t i o n of barium(II) 
with sulphate solutions. Fischer and Babcock (3) per-
formed the same t i t r a t i o n with the aid of heterogeneous 
membrane consisting of finely powdered BaSO. dispersed in 
paraffin wax. 
Potentiometric t i t r a t i o n s employing membrane 
electrodes generally yield very satisfactory resu l t s for 
acidimetric t i t r a t i o n work. Usually precipi tat ion t i t r a -
tions have not been done sa t i s fac tor i ly . I j sse l ing (4) 
has discussed simple experimental resul ts of precipi tat ion 
t i t r a t i o n s and has t r ied to develop a general method to 
obtain the right resul t from the experimental potentio-
metric t i t r a t i o n curves precipi tat ion t i t r a t i o n s . Several 
important parameters such as the diffusion coefficient of 
the ions present in the two solutions and the capacity of 




Tiie parchment suppor ted m e t a l l i c soap membranes 
were p repa red as desc r ibed i n the p rev ious c h a p t e r . The 
membraxie s e a l e d a t one end of a g l a s s tube was p a r t l y 
f i l l e d wi th r e f e r e n c e s o l u t i o n and immersed i n the so lu 
t i o n t o be t i t r a t e d . The t i t r a n t (base) was added in 
sma l l p o r t i o n s from t h e b u r e t t e and the d i f f e r e n c e of 
p o t e n t i a l s between two s a t u r a t e d calomel e l e c t r o d e s , one 
[ t o be t i t r a t e d immersed i n solutioiv's land t h e o t h e r i n the 
r e f e r e n c e s o l u t i o n was measured a f t e r every a d d i t i o n of 
t h e t i t r a n t . A graph between the volume of t h e t i t r a n t 
a g a i n s t t h e observed emf was o b t a i n e d . The p o i n t of 
i n f l e c t i o n of t h e curve cor responds to the end p o i n t . 
The r e s u l t s a r e p r e s e n t e d i n fo l lowing diagrams and 













lOOOi A = EJ = O O I N HC-tg 
B 3 ^ rOOOSN HCtg 
C zzo z OOOIN HC^3 
_ 2 0 0 -
00 20 40 60 80 100 
FiA.CI): VOLUME OF NaOH ADDED IN ml —» 
TITRATION OF 50 ml OF CA) OOIN/(B) 0 0 0 5 N ml AND 
CO OOOIN HCL Vs. OIN JO-OS AND 0-OIN NaOH RESPEC-
TIVELY USING PARCHMENT SUPPORTED COPPER MYRIS-
TATE MEMBRANE. 
CURVE Ca) IS DERIVATIVE PLOT OF CURVE CADANDSO ON... 
loO 
Table No. 1 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N HCl v s . 
0.1N, 0.05N and 0.01N NaOH, r e s p e c t i v e l y , u s i n g p a r c h -






















- 7 . 8 5 
- 1 2 . 5 8 
- 1 5 . 2 9 
- 1 6 . 7 0 
- 1 6 . 6 5 
P o t e n t i a l E (mV) 







- 8 . 2 3 
- 1 1 . 4 2 
- 1 4 . 0 0 
- 1 5 . 6 6 
- 1 6 . 5 0 
0.001N HCl 
0 .00 
- 0 . 1 5 
- 3 . 5 0 
- 7 . 5 0 
- 1 3 . 3 7 
- 2 0 . 3 0 
- 1 8 . 0 0 
- 1 8 . 6 0 
-18 .75 
-18 .87 
























Azrd r O O I N HNO3 
B = /^= 0 0 0 5 N HNO3 




4 0 0 -
2 0 0 -
0-0-
_20 0-
0 0 20 4 0 6 0 8 0 100 
Fift.C2): VOLUME OF NaOH ADDED IN me-^ 
TriRATION OF 50 ml OF CA) OObCB) 0005N>CC)000IN 
HNO3 Vs. 0 I N > 0 0 5 AND OOIN NaOH RESPECTIVLY 
USING COPPER MYRISTATE PARCHMENT SUPPORTED 
MEMBRANE. 
CURVE ca) IS THE DERIVATIVE PLOT OF CURVE CA) AND 
SO ON 
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Table No. 2 
T i t r a t i o n of 50 ml of 0.011T, 0.005N and O.OOIN M O , v s . 
0.1N, 0.05N and 0.01N NaOH, r e s p e c t i v e l y , u s i n g p a r c h -






2 . 0 
3 .0 













- 2 . 7 7 
- 8 . 2 0 
- 1 2 . 7 5 
- 1 5 . 6 9 
- 1 7 . 5 3 
- 1 9 . 2 0 










- 1 7 . 6 7 
- 2 0 . 6 3 
- 2 2 . 7 3 
- 2 3 . 8 2 
(mV) 




- 4 . 5 9 
- 1 0 . 5 9 
- 1 9 . 0 7 
- 1 6 . 9 4 
-17 .31 
- 1 8 . 0 0 
-18 .41 
- 1 8 . 3 8 
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100-
8 0 - 8 0 0 -
0 0 -
100-0-












A = 0 rOOIN H2S0^ 
B z A = 0 0 0 5 N H2SO4 
C = O =0-001 NH2S0^ 
T 1 1 r 
0-0 2-0 3-0 6 0 8 0 100 
Fift.C3): VOLUME OF NaOH ADDED IN ml • 
TITRATION OF 5 0 0 ml OF CA)0'OIN/CB) 0 0 0 5 N AND 
(C)OOOIN H2SO4 Vs. OIN rO'OSNAND 0»OIN NaOH 
RESPECTIVELY USING PARCHMENT SUPPORTED COPPER 
MYRISTATE MEMBRANE . 
CURVE ta) IS THE DERIVATIVE PLOT OF CURVE A AND SO ON.-
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Table No. 5 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.C01N H^SO^ vs, 
0.1N, 0.05N and COIN NaOH, r e s p e c t i v e l y , u s i n g p a r c h -






















- 5 . 5 6 
-8 .71 
-11 .71 
- 1 5 . 6 8 
- 1 6 , 1 2 
P o t e n t i a l B 
m 






- 5 . 1 4 
- 9 . 1 5 
- 1 1 . 4 5 
- 1 5 . 8 0 
- 1 5 . 2 2 
- 1 6 . 5 2 
(mV) 
\ 
0, .001N H2SO. 
0.81 
- 1 . 5 0 
- 5 . 4 5 
- 7 . 8 4 
- 1 2 . 5 4 ' 
- 1 7 . 6 5 
- 1 4 . 8 5 
- 1 4 . 5 0 
- 1 4 . 2 4 
- 1 4 . 9 4 
-15 .61 














^ 0 0 - J 
lOO-On 
8 0 0 












2 0 0 -
0 0 -
_20-0 
A = D=0-OIN HC/t 
N HCl 
N HC/t 
0 0 2 0 4 0 
VOLUME OF 
6 0 8-0 10-0 
Fid.C4): 
TITRATION OF 50 ml OF CA) OOINi(B) 0 0 0 5 N AND 
CO OOOIN HCi VS. 0IN,0-05 AND OOIN NH4OH RESPEC-
TIVELY USING PARCHMENT SUPPORTED COPPER MYRIS-
TATE MEMBRAE . 
CURVE ca) IS DERIVATIVE PLOT OF CA) AND SO ON 
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Table No. 4 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N HCl vs , 
0.1N, 0.05N and 0.01N NH^OH u s i n g parchment suppor ted 
























- 5 . 2 5 
" 5 . 9 8 
- 6 . 6 0 
- 7 . 4 7 
P o t e n t i a l E (mV) 
m ' 






- 2 . 1 0 
- 7 . 5 5 
-7 .41 
- 9 . 1 5 
-9 .71 
- 1 0 . 0 0 
.001N HCl 
- 0 . 8 0 
- 2 . 2 5 
- 5 . 4 6 
- 6 . 0 0 
- 9 . 9 2 
- 1 5 . 2 0 
- 1 5 . 5 5 
- 1 5 . 9 5 
- 1 6 . 1 6 
- 1 6 . 5 6 
- 1 6 . 5 0 
F i g . 4 
A = Q r O O I N HNO3 
B = A-0-005N HNO3 
zO-OOIN HNO3 
-200-
00 2-0 40 60 80 100 
FiA.CS): VOLUME OF NH4OH ADDED IN m l . ^ 
TITRATION OF 50 ml. CA) OOlNi CB) 0-005N AND (OO-OOIN 
HNO3 VS.OIN7005N.ANDO-OIN NH4OH USING PARCHMENT 
SUPPORTED COPPER MYRISTATE MEMBRANE . 
CURVE (a) IS DRIVATIVE PLOT OF (A) AND SO ON 
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Table No. 5 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N HNO, vs . 
0.1N, 0.05N and 0.01N NH^ C 
copper m y r i s t a t e membrane 
NH.OH, u s i n g parchment suppor ted 
Yolume of 




















- 2 . 8 8 
- 4 . 1 2 
- 5 . 2 7 
- 5 . 6 4 
-6 .31 









- 3 . 1 0 
-6 .71 
-8 .01 
- 8 . 7 4 
- 8 . 9 0 














































_ 2 0 0 -
J — 
0 0 2-0 
VOLUME 
A= e r OOINH2SO4 
B z Ar0005NH2S04 




6-0 8 0 
ADDED 
10 0 
IN ml. Fid.C6) 
TITRATION OF 50 ml. (AD OOIN/CB) 0 0 0 5 N AND C O 
OOOIN H2SO4 V s . 0 I N ; 0 0 5 N / 0 0 I N NH4OH USING 
PARCHMENT SUPPORTED COPPER MYRISTATE MEM-
BRANE. 
CURVE ca) IS DERIVATIVE PLOT OF CA) AND SO ON 
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Table No. 6 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N H2SO. vs, 
0.1N, 0.05N and 0.01N NH.OH, r e s p e c t i v e l y , u s i n g p a r c h -
ment suppor ted copper m y r i s t a t e membrane 
Volume 
NH.OH ac 4 
(ml ) 
0 . 0 0 
1 .00 
2 . 0 0 
3 . 0 0 
4 . 0 0 
5 .00 
6 .00 





Ided 0.01N H2S0^ 
5 0 . 2 5 
2 8 . 5 0 
2 3 . 4 2 
1 8 . 3 2 
1 2 . 6 9 
5 .19 
- 0 . 2 5 
- 1 . 5 1 
- 2 . 6 7 
- 3 . 7 2 
5 . 0 0 
Pot i 
0 
e n t i a l 
.005N E 
29 .51 
2 6 . 0 0 
2 0 . 2 5 
1 4 . 0 8 
7 . 2 5 
- 1 . 6 1 
- 4 . 4 4 
- 6 . 0 2 
- 6 . 6 4 
- 7 . 2 9 
- 7 . 3 5 
\ (mV) 
[2SO4 0.001N H2SO4 
1 .09 
0 . 0 0 
- 2 . 0 1 
- 5 . 0 2 
- 8 . 8 0 
- 1 3 . 1 5 
- 1 4 . 1 6 
- 1 4 . 8 0 
- 1 5 . 6 2 
- 1 5 . 2 2 











0 0 - ^ 
_ 2 0 0 
A = Q r 0-01 N CITRIC ACID 
B = A z 0-005N CITRIC ACID 
C r o z 0-OOIN CITRIC ACID 
0 0 2 0 4 0 6 0 8 0 1 0 0 
VOLUME OF NaOH ADDED IN mt—> 
Fid.C7): TITRATION OF 50 ml OF CA)OOIN; 
CB)0005N AND CO) OOOIN CITRIC ACID 
Vs. 0 I N / 0 0 5 N AND COIN NaOH USING 
PARCHMENT SUPPORTED COPPER MYRISTATE 
MEMBRANE. 
Uij 
Table No, 7 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N C i t r i c acid 
v s . 0.1N, 0.05N and 0.01N NaOH, r e s p e c t i v e l y u s i n g p a r c h -

















c i t r i c ac id 
- 2 . 8 6 
2 .79 
4 .70 








P o t e n t i a l E (mV) 
m 
0,005N 






































4 0 0 -
2 0 0 
A=Q = OOIN ACETIC ACID 
B = A = 0-005N ACETIC ACID 
C = o r OOOIN ACETIC ACID 
- 2 0 0 L 
0-0 0-0 2-0 4 0 6-0 8 0 
VOLUME OF NaOH ADDED IN ml 
Fifi.C8):TITRATION OF (A) 0 OIN; CB)0005N; 
(C)O-OOIN ACETIC ACID Vs 0 IN ;005N AND 
OOIN NaOH USING PARCHMENT SUPPORTED 
COPPER MYRISTATE MEMBRANE . 
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Table No. 8 
T i t r a t i o n of 50 ml of 0.01N, 0.005N and 0.001N a c e t i c ac id 
Vs. 0.1N, 0.05N and 0.01N NaOH, r e s p e c t i v e l y , u s i n g p a r c h -










































m - i o 
15.42 
0.001N 

























2 0 0 HC 
A = 0=O-OIN OXALIC ACID 
B=[3=0005N OXALIC ACID 




> 2 0 0 H 
T" 
80 0 0 20 4-0 ^ " " 8-0 100 
VOLUME OF NaOH ADDED IN m l — • 
AMn!!.?''^'^'^^^^'^ ^^ CA)0.0IN,(B)0.005N 
AMH nil'"''''' ^^'^^'^ A^'^ VS0.|N;(>05N 
POPrSr^'^^^^^ ^^^^^ PARCHMENT SUP-
PORTED COPPER MYRISTATE MEMBRANE 
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Table No. 9 
T i t r a t i o n of 50 ml of COlU, 0.005N and 0.001N o x a l i c ac id 
v s . 0.1N, 0.05N and 0.01N NaOH, r e s p e c t i v e l y , u s i n g p a r c h -





























P o t e n t i a l E (mY) 
m 
0.005N 

























F i g . 9 
13^ 
DISCUSSION 
The n e u t r a l i z a t i o n t i t r a t i o n curves of s t rong ac ids , 
v i z . , HCl, HNO„ and H_SO. against s t rong and weak base, 
v i z . , NaOH and NH.OH (Table Nos. 1-6) and t h a t of weak 
ac ids , v i z . , c i t r i c acid, ace t i c acid and oxa l i c acid 
against s t rong base, v i z . , iMaOH (Table Nos. 7-9) were a l l 
of the same general charac ter . The points of i n f l e c t i o n 
of each curve corresponds to the point of n e u t r a l i z a t i o n . 
The regular decrease in the membrane p o t e n t i a l upto the 
point of n e u t r a l i z a t i o n i s due to the fact t h a t the mem-
brane p o t e n t i a l for the s a l t s which are formed, as a 
consequence of n e u t r a l i z a t i o n of the acids are smaller 
than tha t of the respec t ive acid i t s e l f . 
The decrease in membrane p o t e n t i a l with the addi-
t i on of base, however, continues even beyond the end poin t . 
The decrease in membrane p o t e n t i a l beyond the end point 
i s because the membrane s e l e c t i v i t y decreases as the 
e l e c t r o l y t e concentrat ion continues to r i s e with fur ther 
addi t ion of base in the system. The points of i n f l e c t i o n 
of each curve correspond to the point of n e u t r a l i z a t i o n . 
The acidirtietric t i t r a t i o n s obtained by the parchment 
supported copper myr is ta te membrane indicated the neu t ra -
l i z a t i o n point very accura te ly . For s t rong acids in the 
1^ 0 
higher concentration range, where the selectivity was poor, 
the end point was not sharp. But the derivative plots 
(Figs. 1-9) in these ranges indicated the end point quite 
sharply. The titration of weak acids against weak bases 
were also tried, but without success. 
1^1 
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SUMMARY 
One of the various aims of the studies on the 
transport processes occuring across artificial membranes 
has been to throw light on the physicochemical aspects of 
the diffusion processes taking place across living mem-
branes. Hartung, Beg and others studied the diffusion of 
various electrolytes across some filter paper and mem-
branes. Lately, Beg et al. studied transport across glass 
powder mixed soap discs. The work described in this 
thesis is in effect an extension of these studies using 
parchment supported copper caprylate, copper caprate, 
copper laurate and copper myristate membranes. The first 
chapter deals with membrane concentration potential across 
the four membranes in solution of GuSO. ajid NaCl of vary-
ing concentrations (keeping C^/C^ = 10 throughout) measured 
with the following cell, using the same electrolyte on the 











The concentration potential of copper caprylate in 
copper sulphate and alkali chloride solutions were much 
below the theoretical values. The membrane concentration 
potential values across the membranes (myristate, laurate. 
14^ 
capra te , caprylate) i n e i t h e r e l e c t r o l y t e (NaCl or CuSO.) 
increase with the length of the hydrocarbon chain of the 
f a t t y acids and the magnitude of the copper myr i s ta te mem-
hrane p o t e n t i a l i s qu i t e close to the t h e o r e t i c a l va lue . 
Then the effect of anion and cation v a r i a t i o n , 
v a r i a t i o n of the e l e c t r o l y t e on concentrat ion p o t e n t i a l 
of most i d e a l soap membrsme ( i . e . , copper mjrristate) i s 
examined. And t h i s shows tha t the membrane i s negat ively 
charged. 
Cationic t r anspor t number in the membrane, t+ , 
membrane permse lec t iv i ty , Pg, and the apparent anionic 
mobi l i ty , v , increase with increase in the concentrat ion 
of ex te rna l e l e c t r o l y t e so lu t i ons . This has been explained 
on the bas is of Donnan e q u i l i b r i a according to which more 
and more of the cat ions enter the membrane pores (and thus 
t he membrane s e l e c t i v i t y f a l l s ) as the ex te rna l e l e c t r o l y t e 
so lu t ions become increas ing ly concentrated. 
Membrane p o t e n t i a l s for the var ious e l e c t r o l y t e s 
obtained with copper myr is ta te membrane observe the follow-
ing orders 
RbCl > ECl— NH.Cl > NaCl > Li CI 
4 
KI > KBr > KNO- y ZCl 
:5 
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Cationic series have been explained on the basis 
of free solution mobilities and hydrated sizes of the 
cations. Anionic series are exactly reversed to those 
for diffusion rates thus showing that the anion which is 
impeded maximum in its way through the membrane gives rise 
to maximum membrane potential. These anionic series have 
been discussed in terms of mobility, valency, size and 
adsorbability of the anions. 
Fixed charge density, CAJX, of the four membranes was 
determined by Altug and Hair method. The i^X for copper 
myristate membrane was -0.01N. In case of copper caprylate, 
copper caprate and copper laurate the agreement between the 
experimental and the theoretical curves was very poor and 
thew>X values could not be obtained. 
The membrane potential studies indicate that the 
behaviour of parchment supported soap membranes can in 
general, be explained on the basis of TMS theory. 
Chapter II deals with the study of diffusion rate 
of NaCl electrolyte through four parchment supported soap 
membranes. Various membrane parameters, namely, membrane 
potential, E , cationic potential, E + and membrane resis-
111 W 
t ance , R e t c . a t d i f fe ren t concentrat ions of NaCl have 
m 
been determined by electrometric method. The diffusion 
Uo 
rates and other membrane diffusion parameters are computed 
by Kittelberger equation. 
The variation of B^ ,^ B.^ and D^ with time during 
diffusion at various temperatures have been studied for 
all the four membranes. It has also been observed that 
whereas membrane potential and membrane resistance fall 
with time, diffusion rate increases. The observations 
have been explained in the following way; Membrane poten-
tial (generated due to the difference in the counterion 
and colon mobilities in the membrane) causes an increase 
in the colon mobility inside the membrane (and thus an 
increase in the diffusion rate of electrolyte). The 
increase in colon mobility results in the diminishing of 
membrane potential, which in turn leads the diffusion rate 
and the membrane resistance to steady values. 
Diffusion coefficient of NaCl through the four 
membranes was determined at different temperatures and 
therefrom the energy of activation B for the diffasion 
of electrolyte was calculated for all the membranes. It 
was found that the values of E^ for diffusion throu^ the 
membranes were higher than those found for diffusion in 
free solution. 
The various activation parameters, namely, enthalpy 
of activation A H'^ , free energy of activation A P^, and 
14b 
entropy of ac t i va t i on / i S^ were also evaluated. The values 
ot^ST were found to be pos i t i ve i nd i ca t i ng thereby that 
the diffusion takes place with p a r t i a l breakage of bond in 
the membrane phase. 
The t h i r d chapter deals with potent iometr ic t i t r a t i o n 
using parchment supported copper myris ta te membrane e l e c -
t rode . T i t r a t i o n of s t rong acid and s t rong base , s t rong 
acid and weak base and weak acid s trong base have been 
successful ly done using copper myris ta te membrane. The 
n e u t r a l i z a t i o n t i t r a t i o n curves of s t rong acid against 
s t rong base were a l l of the same general charac te r , and 
the point of i n f l e c t i o n of each curve was sharp. The 
other t i t r a t i o n s curves though did not have sharp i n f l e c -
t i o n t h e i r de r iva t ive p l o t s were s a t i s f a c t o r y . The regu-
l a r decrease i n the membrane p o t e n t i a l upto the point of 
n e u t r a l i z a t i o n i s due to the f a c t that membrane p o t e n t i a l 
for the Sal t which i s formed as a consequence of neu t ra -
l i z a t i o n of the acid i s smaller than tha t of the acid i t s e l f 
and the decrease in the membrane p o t e n t i a l with the addi-
t i o n of base which continues even beyond the end po in t , 
because the membrane loses i t s s e l e c t i v i t y more and more 
as the e l e c t r o l y t e concentrat ion r i s e s with fur ther addi-
t i o n of the base. The parchment supported copper mjrristate 
membrane can thus be successful ly employed for n e u t r a l i z a -
14 
t ion t i t r a t i o n of strong acid, strong base, strong acid, 
weak base and weak acid, strong base. 
